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How to keep a pump 
e e 
in its prime 
Piston power pumps, used to pump oil through 
long pipelines, often have to operate 24 hours a day. 
To prevent breakdowns and minimize maintenance 
under this tough service, designers mount pump 
crankshafts on Timken” tapered roller bearings. 
Timken bearings take the heavy radial, thrust and 


combination loads. They prevent wear, insure trou- 
ble-free operation. 


Why TIMKEN’ bearings prevent 


wear on related parts 


Due to their tapered design and line contact be- 
tween rollers and races, Timken bearings carry the 
heaviest loads from any direction. They keep the 
crankshaft in proper alignment so that gears mesh 
more smoothly—last longer. And they eliminate 
crankshaft wear. 


Free bearing information: 


Some of the engineering problems you'll face 
after graduation will involve bearing applications. 
TRADEMARK REG. U.S. PAT. OFF. If you'd like to learn more about this phase of 


TAPERED engineering, we'll be glad to help. For additional 


information about Timken bearings and how engi- 
ROLLER BEARINGS neers use them, write today to The Timken Roller 
Bearing Company, Canton 6, Ohio. And don’t for- 


get to clip this page for future reference. 


NOT JUST A BALL © NOT JUST A ROLLER ©> THE TIMKEN TAPERED ROLLER o> 


BEARING TAKES RADIAL @ AND THRUST -@~ LOADS OR ANY COMBINATION =} 
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A typical scene in one of the several 
modern classrooms in the new Educa- 
tional Center Building. 


Billiard room below is one of many 
facilities provided for recreation and 
relaxation. Such activities set the stage 
for lifelong friendships. 


To Give Men A RUNNING START 


ON 


Westinghouse accepts a responsibility to the 
top-notch men it employs for engineering, 
manufacturing, research and sales jobs, 
Here are the ways Westinghouse helps. 
Through a comprehensive orientation and 
training program, we give our new men a 
panoramic view of the electrical manufacturing 
industry ...a broad knowledge of the products 
of Westinghouse, an appreciation of the re- 
search, engineering and manufacturing that 
go into those products, and an understand- 
ing of the marketing that gets them to the 
ultimate user. Hundreds of experienced pro- 
fessional people help carry out this program 
... through planned conferences and actual 


THE WAY TO THE TOP 


work assignments. In this way, new men get 
a running start in their new work. 

To help speed them along their way, a 
Graduate Study Program is also made avail- 
able through which advanced degrees may be 
obtained. This program has been worked out 
with a number of leading universities in major 
Westinghouse locations. 

Headquarters for these activities is the new 
Educational Center, where a sizable staff de- 
votes its entire attention to developing future 
leaders for the company. With this new facility, 
and the impetus that years of building for the 
future has given, we look forward with con- 


fidence to the years ahead. G-10118 


WESTINGHOUSE ELECTRIC CORPORATION, PITTSBURGH 30, PA. 
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Long life and low maintenance cost of 
mains laid under city streets depend 

not only on effective resistance to corrosion 
but on definite strength factors. The 

four strength factors that pipe must have 
to withstand beam stress, external 

loads, traffic shocks and severe working 
pressures, are listed on the page opposite. 
No pipe that is deficient in any of 
these strength factors should ever be 
laid in paved streets of cities, towns or 
villages. Cast iron water and gas mains, 
laid over a century ago, are serving 

in the streets of more than 30 cities in 
the United States and Canada. Such 
service records prove that cast iron pipe 
not only resists corrosion but combines 
all the strength factors of long life 

with ample margins of safety. 


INSIST ON STRENGTH 


in pipe for city streets 


CRUSHING 
STRENGTH 


BEAM 
STRENGTH 


SHOCK 
STRENGTH 


BURSTING 
STRENGTH 


iron pipe in 10-foot span sustains a load of 
15,000 lbs. 


The toughness of cast iron pipe which enables 


CAST IRON PIPE RESEARCH ASSOCIATION, THOS. F. WOLFE, MANAGING DIRECTOR, 122 SO. MICHIGAN AVE., CHICAGO 3. 


CAST IRON PIPE 


= 
‘ 
The ability of cast iron pipe to withstand 
a external loads imposed by heavy fill and un- ; 
gf usual traffic loads is proved by the Ring : 
Compression Test. Standard 6-inch cast iron 
pipe withstands a crushing weight of more 
— than 14,000 lbs. per foot. 
| 
a When cast iron pipe is subjected to beam a ae 
| 
4 stress caused by soil settlement, or disturbance 
gg of soil by other utilities, or resting on an ob- > 
4 struction, tests prove that standard 6-inch cast 
| 
es it to withstand impact and traffic shocks, as eee | 
| well as the hazards in handling, is demon- Pages a 
Hy strated by the Impact Test. While under hydro- oy 
static pressure and the heavy blows from a fee ae 
j 50 pound hammer, standard 6-inch cast iron “ag 
Pipe does not crack until the hammer is BS ea 
4 dropped 6 times on the same spot from pro- ee 
gressively increased heights of 6 inches. oer) 
i In full length bursting tests standard 6-inch eee 
: cast iron pipe withstands more than 2500 lbs. Als 
: per square inch internal hydrostatic pressure, a 
: which proves ample ability to resist water- ae so 


PONT 


DIGEST 


With silica, water and imagination 
Du Pont scientists have found 


How to Tame Slippery Floors 


Teen-agers in high schools used to 
have great, if hazardous, fun running 
and sliding on newly waxed corridor 
floors. Of late many of them haven’t 
beén able to do that. For numerous 
schools, as well as office buildings 
and institutions, are now using waxes 
that have been made skid-resistant. 

The product that is taming slip- 
pery floors is “‘Ludox’”’ colloidal silica 
—adapted by Du Pont chemists to 
floor wax through cooperative re- 
search with the wax industry. 

If you mix plain sand with floor 
wax, you'll have an anti-slip surface, 
but it would be unsightly and thor- 
oughly impractical. With ‘Ludox,” 
you are using a water suspension of 
invisible colloidal silica particles less 
than a millionth of an inch in diam- 
eter. 


A problem child 


*‘Ludox” was quite a problem child 
to scientists who developed it. For 
instance, research men had to know 
how silica would act in the presence 
of floor wax. So they turned to the 
electron microscope and learned that 
the little silica spheres attach them- 
selves firmly to the surfaces of wax 
spheres five times their size. 

But it was also necessary to find 
out how “‘Ludox”’ affects a waxy film 


“Ludox” particles (dark, in this electron photo- 
micrograph) surround the larger wax particles 
throughout depth of film. Magnified 25,000 x. 


Du Pont “Ludox” makes floor waxes harder 
as well as safer. Other wax qualities—gloss, 
freeze- and water-resistance, leveling—are un- 
affected. It is now used by many manufacturers. 


after it is laid down on a floor. While 
a polished waxed floor looks smooth 
enough, it is actually a series of hills 
and valleys and these irregularities 
have an important bearing on the 
behavior of a surface. 

Working with a waxed surface pre- 
sented difficulties. The electron mi- 
croscope functions only if electron 
beams can pass through the mem- 
brane upon which the specimen is 
placed. And electrons can’t “‘see 
through” a floor! 


Study in duplication 
Often, problems like this have been 
solved by preparing a thin replica or 
copy of the surface for examination 
in its stead. However, the conven- 
tional method for making a replica— 


Cross-section of wax film shows how pressure 
of foot pushes the hard ‘‘Ludox”’ particles into 
the wax, causing a snubbing action. 


the one frequently used in studying 
metals—requires solvents. These 
would dissolve and ruina waxsurface. 


So it became necessary for the 
chemists and electron microscopists 
to develop an entirely new way to 
make a replica of a surface. This they 
did, as part of a research program 
that lasted several years. 

With it some remarkable pictures 
were made. They showed that many 
““Ludox”’ particles stay at the sur- 
face of a wax film, even though they 
are denser than wax. As you walk on 
a floor, your shoe presses the tiny 
silica particles down into the wax 
spheres that make up the film. This 
sets up asnubbing action which keeps 
you from slipping. 

Much more could be told about 
Du Pont research on colloidal silica. 
For example, chemical and mechan- 
ical engineers had to develop manu- 
facturing equipment, including a spe- 
cially designed ion exchange column. 
Organic and physical chemists used 
research findings to formulate better 
waxes, as well as silica-containing 
adhesives and anti-slip treatments 
for rayon fabrics. Like practically all 
Du Pont achievements, “‘Ludox”’ is 
the result of close, continuous team- 
work of men and women trained in 
many fields of science. 


DID YOU KNOW... 


it costs more than $10,000 on the average to 
provide the tools, machines, factory space 
and working capital for an American worker. 
Du Pont’s average operating investment per 
employee is $17,800. 


REG. U. PAT. OFF. 
BETTER THINGS FOR BETTER LIVING 
CHEMISTRY 


Entertaining, informative — Listen to “Cavaicade of 
America,” Tuesday Nights, NBC Coast to Coast 
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AN OPPORTUNITY FOR ENGINEERS 


x ¢ In 15 years of aviation pioneering a remarkable series of “Firsts” 
have been credited to Bell Aircraft Corporation. Bell engineers— with 
imagination and initiative—have been writing the aviation books. Every 
“First” has bulwarked Bell’s position as a leader in the industry. 


FIRST twin-engine escort fighter, multi-place, OTHER FIRSTS« Bell’s pioneering spirit also 


and mounting a 37 mm cannon in flexible 
gun turrets (Airacuda). 

FIRST American fighter designed around its 
armament, firing cannon thru propellor 
hub, with tricycle landing gear (Airacobra). 

FIRST commercial helicopter, with automatic 
stabilizing control. 

FIRST supersonic airplane (X-1). 

FIRST in many defense projects now restricted. 


eveloped — 

FIRST satisfactory .50 caliber machine gun 
shock dampener which became standard 
for both Army and Navy. 

FIRST modern all-wood military fighter (XF-77). 

FIRST jet-propelled fighter in the U. S. 
(Airacomet). 

FIRST commercial helicopter with 200 hpe en- 
gine and skid landing gear. 


In the column at the right of this page we have listed many of the positions 
now available to qualified engineers, physicists, and applied mathematicians. 
Whether your interest lies wi mer 4 missiles, helicopters or supersonic air- 
craft, it is time to seriously consider YOUR future. Bell Aircraft’s accomplish- 


ments in research, development and design provide the opportunity for perma- 
nent employment in all of our long-range programs. 

We believe in the future of the aviation industry. Do you believe in YOUR 
future? Where will you be in your chosen career 10, 15, 20 years from now? 


Inqu 
satisfying life for you with the 


and retirement benefits are most liberal. 
placement office or write: Manager, ENG 


ire NOW to find out how 0 abilities and training may mean a full and 
eader in aircraft engineering. Salary, insurance 


Secure application from your college 


IN EERING PERSONNEL. 


ORPOR 
P. O. BOX 1, BUFFALO 5, NEW YORK 


CAREER 
OPPORTUNITIES 


Check Yourself: 

O Electrical Designer 

O Thermodynamicist 

O Aerodynamicist 

Electronics Engineer 

D Servomechanisms Engineer 
0 Electro-mechanical Engineer 
O Telemetering Engineer 

O Structural Analysis Engineer 
O Instrumentation Engineer 

0 Rocket Motor Development Engineer 
0 Structural Designer 

0 Rocket Motor Test Engineer 
0 Missile Coordinator 

O Flight Test Engineer 

0 Transmission Design Engineer 
Project Engineer 

O Microwave Engineer 

Flutter Engineer 

D Static Test Engineer 

0 Vibrations Engineer 

O Weight Control Engineer 

D Specifications Engineer 

O Radar Engineer 

O Structures Research Engineer 
0 Communications Engineer 

Dynamics Engineer 

O Ultra-high Frequency Engineer 
O Missile Test Engineer 

O Electrical Systems Engineer 
D Mechanical Systems Engineer 


‘ 
3 
4 
— 
cago 


Thomas J. Kelly, ME ‘51 


Editor-in-Chief 


Robert H. Caplan, Ill, ChemE ‘51 
Managing Editor 


Howard S. Krasnow, ME ‘51 


Business Manager 


° 


Publication Board 
Alfred Blumstein, EP ‘51 


Assistant Editor 
Noboru Kondo, ME ‘51 
Associate Editor 
William H. Ferguson, ME ‘52 
Illustrations Editor 
Terance B. Blake, ME ‘52 
Treasurer 
William D. Roberson, ChemE ‘51 
Advertising Manager 
Thomas S. Foulkes, ME ‘53 


Circulation Manager 


Richard E. Chittenden, CE ‘52 
Publicity Manager 

Donald P. Victorin, ChemE ‘51 
Office Manager 


° 


Editorial Board 


R. M. Baumgarten, CE’52 
H. M. Bellis, ChemE °54 
H. F. Dimmler, EE ’54 

P. F. Gottling, Jr., ME ’52 
I. B. Margiloff, ChemE ’53 
M. E. Miles, EP ’53 

B. N. Roth, ME ’51 

D. Scheraga, EE ’54 

G. W. Sutton, ME ’52 

C. W. West, EE ’53 


° 


Business Board 


P. Goldman, EP ‘52 

L. R. Gons, CE ’53 

R. W. Wambach, EE °53 
M. Zevin, MetE ’53 


° 


IMustrations Board 
S. P. Cohen, CE ’52 

R. S. Critchfield, ME ’53 
R. L. Rosenthal, ME °53 
R. M. Stuckelman, EE 


° 


Advisory Board 
Dean S. C. Hollister 


Technical Advisers 


Prof. R. Y. Thatcher 
Prof. M. W. Sampson 


School Directors 
Prof. C. R. Burrows, EE 
Prof. N. A. Christensen, CE 
Prof. F, H. Rhodes, ChemE 
Prof. L. P. Smith, EP 


Alumni 


H. H. Williams, Jr., C.E. ’26 
F. C. Wood, C.E. ’24 


Founded 1885 


The 
CORNELL 


ENGINEER 


Volume 16 March, 1951 Number 6 
CONTENTS 

Origin of the Universe 7 
George Wolga, EP ‘53 

Thomas J. Kelly, ME ‘51 

Professor Herbert T. Jenkins 

News of the College ...................... 

Alumni News ....... 


Cover: Professor Guy Grantham demonstrates the conservation 


of angular momentum. 
—Photo by Robert Stuckelman 


Member of The Engineering College Magazines Associated 
Chairman, Prof. F. J. Cheek, Jr., Univ. of Kentucky, Lexington, Ky. 
Publishers’ Representative, Littell-Murray-Barnhill, Inc. 

101 Park Ave., New York and 605 N. Michigan Ave., Chicago 


Arkansas Engineer Kentucky Engineer Qusoen State Technical Record 
Cincinnati Cooperative Engineer L.S.U. Engineer Oklahoma State Engineer 
Colorado Engineer Manhattan Engineer Ohio State Engineer 
Cornell Engineer Marquette Engineer Penn State Engineer 
Denver Engineer Michigan Technic Pennsylvania Triangle 
Drexel Technical Journal Minnesota Techno-Log Purdue Engineer 

Illinois Technograph Missouri Shamrock Rochester Indicator 
lowa Engineer Nebraska Blue Print Rose Technic 

lowa Transit New York Univ. Quadrangle Wayne Engineer 

Kansas Engineer North Dakota Engineer isconsin Engineer 
Kansas State Engineer North Dakota State Engineer 


Published monthly—October to May—by the Cornell Engineer, Inc. 
} Edited: by the ype of the College of 
orne niversity ntered as second class matt t th 
N. Y., under Section 103, Act of October 3, 1917. 2 
Subscription per year: regular $2.00; with membership in the ( Soci 
of Engineers $3.00 (See President's page); student $1. 50; single can ba. ics 


\ 
F 
| 
| 
| 
| 
3 E 
= = 
4 
: 
| | 
} 
(7 


A NEW THEORY 
IS PRESENTED 


Origin of The Ciniverse 


The explanation of the nature 
and functioning of the universe has 
been perhaps the most basic and 
elusive problem ever to perplex 
scientific theorists. prehis- 
toric time to the present, man has 
gazed in wonder from his insignifi- 
cant sphere into that dark and end- 
less space which is the universe, and 
speculated why and how things are. 

Two questions have been prom- 
inent in his thoughts: How, and in 
what form, does the universe func- 
tion? How and when did the solar 
system appear? Although the an- 
swer cannot be assuredly stated, 
scientific developments enable us to 
make better guesses today than ever 
before. 

Man’s early notion that the 
earth was the center of our plane- 
tary system, and this system the 
center of the universe, was dis- 
missed with the work of Coper- 
nicus and Kepler, who saw the 
planets as revolving about the sun. 
Subsequent work was limited to a 
consideraton of only the planets and 
their orbits, however, as Newton’s 
laws, the only tools of the cosmo- 
gonists, were insufficient to deal 
with the whole universe. 


Mathematical Model 

It was not until the development 
of the Quantum Theory and Ein- 
stein’s statement of his basic equa- 
tions that the universe could be ap- 
proached with mathematical equa- 


Readying the powerful J-47 aircraft 
jet engine for its initial test. Rated at 
more than 5000 pounds thrust or driv- 
ing force, this jet is the powerplant of 
tthe speed record holder, the North 
American F-86 fighter. 


~——Courtesy General Electric 


Vol. 16, No. 6 


tions. At this time, the first modern 
models of the universe were made. 
Einstein’s own first model was a 
static and finite universe of uni- 
form matter without motion. To 
calculate the size of the universe 
the cosmogonist needs to know the 
total mass contained within it. Ein- 
stein lacked this figure and so used 
a minimum value of the average 
density of matter with which he 
calculated a universe of radius 
equal to 35,000 million light years. 
This obviously did not describe the 
actual universe which incorporates 
motion, to illustrate a striking om- 
mission from the model. What it 
did do, though, was indicate some 
general aspects, such as a homo- 
genous distribution of matter in 
space and a reasonable estimate of 
size. 


Exploding Universe 

With the design and use of 
large mirror telescopes, an interest- 
ing and very revealing fact was no- 
ticed. Spectrograms of light from 
distant galaxies show a dominant 
shift to the red end of the spec- 
trum. This “red shift” was inter- 
preted with the aid of the wave- 
like property of light, whose fre- 
quency increases as the source ap- 
proaches the observer and decreases 
as the source recedes. The “red 
shift” indicated that the distant 
galaxies were moving away from us 
at tremendous speeds. In the late 
1920’s, Edward Hubble showed 
that this motion of the distant gal- 
axies away from the earth was di- 
rectly proportional to their dis- 
tances. The proportionality factor 
adopted gave galaxies 2 billion light 
years away the velocity of the 
speed of light! This isn’t real motion 


By GEORGE WOLGA, EP °53 


in an ordinary sense, but rather, 
the rate at which space is expand- 
ing. Thus, the notion of an expand- 
ing universe was adopted and in- 
corporated into the non-static mod- 
els of the universe. 

There are, in general, three such 
non-static models under discussion 
in scientific circles today. The first, 
or Monatonic models, expand 
steadily from singular states in the 
past to infinity in the future. Under 
this set-up, the density of the uni- 
verse is decreasing in direct pro- 
portion to this rate of expansion. 
The second, or Asymptotic models, 
approach a fixed final state—one 
type expanding towards Einstein’s 
original static universe, the other 
expanding from the static Einstein 
model to an empty universe of 
zero density. Finally, the Oscillat- 
ing models alternately expand and 
contract with no finite beginning in 
the past nor forseeable end in the 
future. 


Philosophical Argument 

An interesting philosophical ar- 
gument arises among proponents 
of the three models. Some cosmo- 
gonists hold that there should be no 
preferred time to observe the uni- 
verse as the first two models imply. 
These would have us existing in a 
special time with respect to the ex- 
pansion and spending an infinitely 
long period in other time (from 
now to infinity on the time scale). 
On the other hand, the oscillating 
models give the universe an infin- 
itely old existence. 

The universe is today visualized 
as mostly space filled with inter- 
stellar dust composed of particles 
of matter. Galaxies are now be- 

(Continued on page 24) 


= 
4 
} 
{ & a 
— 
| 
— 
} 
j 
; 
} 
i 


2 


SELF-POWERED 
MISSILES 


upersonic Stovepipes 


By THOMAS J. KELLY, ME °51 


One of the many incidents in the 
cold war in Europe between the 
Western and the Soviet blocs was 
the loss of an American military 
airplane over the Baltic Sea on 
April 8, 1950. The plane was re- 
ported by Navy authorities to have 
been a Privateer, an unarmed re- 
connaissance version of the B-24 
bomber, which had strayed off its 
course on a routine training flight, 
and upon appearing over Soviet 
territory was evidently shot down 
by Russian fighter planes. The 
Soviets reported that an American 
B-29 bomber had appeared over 
the Latvian coast, and had fired 
upon a Russian fighter which went 
up to investigate. Simultaneously 
in Moscow four Red Air Force 
pilots from the Baltic area were 
decorated for the “excellent ful- 
fillment of duty,” the nature of 
which was not disclosed. 

Eleven days after the plane dis- 
appeared, the Swedish trawler 
Nordgren fished a_ bullet-riddled 
life raft out of the Baltic. When the 


raft was positively identified as 
having belonged to the missing air- 
craft, the State Department sent 
an official note of protest to Mos- 
cow, and the Senate unanimously 
voted a posthumous decoration for 
the four officers and six enlisted 
men of the ill-fated ship. 

The newspapers dropped the 
matter there. Many other cold war 
incidents throughout the world 
that were just as vicious as the Bal- 
tic Sea episode were claiming the 
public’s attention. But an interest- 
ing comment did appear in the New 
York Times shortly after the affair 
had slipped from the headlines. 

In the Times article a German 
scientist who did much work on 
the notorious V-1 and V-2 flying 
bombs, and who is now working 
on missile and rocket research for 
this country, ventured to say that 
the reason the Soviets had been so 
quick to dispose of the errant 
American airplane was because it 
had strayed too close to the great 
German guided missile development 


Turbojet engines, like the cutaway J-47 (below) are currently being adapted for use in 
supersonic, missiles. The expensive, complex construction of the turbojet as compared 
with the ramjet is a deterrent to turbojet use in non-returnable projectiles, but the 
better performance under off-design conditions still makes them attractive for missile use. 


—Courtesy General Electric 


center of Peenemunde, which is 
now, of course, working for Soviet 
Russia. 

Peenemunde, located on the Bal- 
tic Sea in what was formerly East 
Prussia, was to Hitler’s Germany 
what White Sands, New Mexico, is 
to the United States. The sprawling 
development and testing area, with 
complete facilities for the design, 
manufacture, and firing of the most 
complex types of jet-propelled and 
rocket missiles, was planned and 
constructed even before World War 
II began, as part of the Hitlerian 
rise to power. Here the fearsome 
V-1 and V-2 weapons were con- 
ceived, tested and perfected. The 
men of Peenemunde were consist- 
ently ahead of the men of White 
Sands during World War II; much 
of their work stands today as the 
best reference available on certain 
phases of guided missile work. And 
now the entire facilities of Peene- 
munde, which were captured in- 
tact, and most of the original staff, 
are working for the Soviet Union. 

From this information any num- 
ber of ominous conclusions can be 
drawn, and the most ominous is 
probably most nearly true. From 
the record of Peenemunde it is 
likely that they must now be mak- 
ing good progress in guided missile 
design, the ultimate goal of which 
would be a missile capable of 
carrying an atomic warhead at 
supersonic speeds to any point on 
the earth. In the face of such a 
shuddering possibility, it is prudent 
to learn something about the prob- 
lems and properties of guided mis- 
siles, with the idea of gaining some 
insight as to how far away from 
practicality this weapon may be. 

Guided missiles will always be 
expensive, and from a cost view- 
point alone it is essential that none 
be lost by enemy counter-meas- 
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ures. With this in mind, the first 
requirement for such a missile is 
that it travel at velocities greater 
than the speed of sound, or else 
modern radar-controlled antiair- 
craft defenses and jet-propelled in- 
terceptor planes would destroy most 
of the missiles in the air, leaving 
the nation which fired them fin- 
ancially weakened but no_ better 
off militarily. Probably the most 
familiar example of a supersonic 
missile is a bullet from a_high- 
powered rifle, which always strikes 
its target before the sound of its 
own approach arrives. A supersonic 
missile, arriving over its unsuspect- 
ing target with no tell-tale sound, 
would be a terrifying weapon in- 
deed. 

Supersonic missiles of any ap- 
preciable operating range require 
a tremendous power supply to keep 
them going. For extremely high 
power outputs combined with low 
weight, ramjet and rocket propul- 
sion systems have been found most 
suitable, although considerable 
work is being done on adapting 
standard aircraft turbo-jet engines 
to supersonic uses. Rocket power is 
extensively used at present in the 
bazooka gun, airborne armor-pierc- 
ing rockets, and take-off assist 
units, as well as in high-altitude re- 
search missiles like the Wac Cor- 
poral, whose immediate predeces- 
sor was the V-2. Except for guid- 
ed missile applications, ramjet 
power is not presently used. 

So the missile will be supersonic 
and either rocket or ramjet pow- 
ered. But it must be a guided mis- 
sile, which means it must be sub- 
ject to control of its direction and 
altitude at any time during its 
flight. The problems of missile guid- 
ance are much too complex to dis- 
cuss here; however with the aid 
of modern electronics and servo- 
mechanisms, several missile-guid- 
ance schemes have been developed 
which show considerable promise so 
far. In general, the guidance sys- 
tems operate on the principle of 
riding a high-frequency beam to a 
point somewhere near the target, 
at which time control passes to a 
homing device in the missile itself 
which directs the missile unerringly 
to the target. The guidance beam 
is maintained by transmitters at 
the launching site and possibly at 
points along the flight path, and 
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may be adjusted during the flight 
to compensate for any errors in the 
missile’s progress. Homing may be 
accomplished by several methods: 
radar scanners, which home on the 
largest object in sight, are useful 
against ships; heat-seekers, sensi- 
tive to warm objects, could be used 
against blast furnaces and similar 
industrial targets; radio-controlled 
units will home on small transmit- 
ters previously dropped by para- 
chute on the target. It seems likely 
that entirely workable  missile- 
guidance units will be perfected in 
the near future. 

Seemingly less complicated, 
though actually more basically diffi- 


rapid increase in its specific volume 


_ (volume per unit weight) accom- 


panying the combustion process. It 
has been occasionally referred to 
as a “flaming stovepipe.” Figure 1 
shows a typical ramjet motor. Sec- 
tions 1 and 2 constitute the diffuser. 
where the high-velocity intake air 
is slowed down by the increase in 
cross-sectional area of the tube, and 
the velocity energy possessed by 
the air is converted to pressure 
energy. Sections 2 and 3 contain the 
fuel injection nozzles and the flame- 
holder, and sections 3 and 4 in- 
clude the combustion chamber, 
where the mass of air passing 
through the tube is accelerated. 
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Figure 1. General open-nosed ramjet configuration. 


cult than the problem of guidance 
is that of propulsion. To propel a 
missile carrying less explosive than 
a 1000-pound bomb at a speed of 
Mach 2.0 (twice sonic velocity) 
would require upwards of 10,000 
horsepower! Rocket power can pro- 
duce phenomenal power outputs 
for a short period of time, and is 
commonly thought of for use on 
long-range missiles in which the 
rocket boosts the missile up out of 
the earth’s atmosphere, and coasts 
the rest of the way through the 
rarifed upper air. Ramjets differ 
from rockets mainly in that they 
obtain oxygen from the air to sup- 
port combustion, instead of carry- 
ing their own. They are smaller 
than rocket units, but are limited 
to lower altitudes where atmos- 
pheric oxygen is available. Since 
the problems of rockets and ram- 
jets are similar in many respects, 
we shall say ne more about rockets, 
but will confine our attention to a 
discussion of supersonic ramjets. 
A ramjet motor is simply a tube 
or duct in which air is compressed 
by high-velocity ramming, mixed 
with fuel, and accelerated by the 


There may be an exit nozzle fol- 
lowing the combustion chamber, 
especially where maximum range is 
desired, but a nozzle is not essen- 
tial for the operation of the ramjet. 


Principle of the Ramjet 

Now to determine how a net for- 
ward force (thrust) is produced on 
a ramjet motor: Briefly, and by no 
means completely, the idea is this: 
Referring to figure 2, consider the 
ramjet to be stationary, and high- 
velocity air to be entering it at sta- 
tion 1. In the diffuser the ramming 
effect of the air is capable of rais- 
ing its pressure as the velocity of 
the air decreases because it is pass- 
ing into a region of larger cross- 
sectional area. However, this high 
pressure could not possibly be main- 
tained in the diffuser unless some- 
thing acts to effectively close off 
the exit end of the tube, for it would 
be like trying to pump up a punc- 
tured tire. By adding heat to the 
air and raising its temperature, the 
volume of the air is greatly in- 
creased, by so much that the exit 
area at section 4 is not large enough 
to accommodate all the air which 
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Figure 2. Static pressure distribution inside ramjet. 


wants to leave. The tail-pipe there- 
fore acts as a restriction which en- 
ables the ram air compression effect 
to maintain a high diffuser pressure. 
It is this high diffuser pressure, act- 
ing on the change in area from sec- 
tion 1 to section 2, which produces 
the net forward thrust. 


Design Limitations 

Limitation to design conditions 
is one serious drawback to ram- 
jets. Their operation depends 
largely upon the speed at which 
they travel, and the properties of 
the air through which they pass. 
The motor must be designed for 
specific values of these variables, 
and any deviation from the design 
values will seriously hamper per- 
formance, and perhaps render them 
inoperative. The best remedy for 
this condition would be a ramjet 
having variable and controllable in- 
take and exit dimensions, but this 
is a difficult feat to accomplish me- 
chanically, and so far has not been 
carried out. 

The high-temperature properties 
available in materials for ramjet 
construction also limit the perform- 
ance of the unit. Weight must be 
kept to a minimum; therefore, the 
combustion chamber must be con- 
structed of thin sheet material. 
Even high-alloy steel sheet will not 
retain much strength at tempera- 
tures over 1800°F.; at maximum 
power output of the ramjet, how- 
ever, flame temperatures above 
3000°F. are not uncommon. At 


present this means that the ram- 
jet can be operated at maximum 
power for only a short time, while 
the combustion chamber wall is 
heating up to 1800°F. Then the 
fuel-air ratio must be throttled 
back, producing less power output 
and lower speed, but also a lower 
flame temperature. Metallurgical 
investigations continue the search 
for materials having _ greater 
strength at higher temperatures. 
Should new metallurgical develop- 
ments appear, the power and speed 
of practical ramjets could be im- 
mediately increased. 

No less a problem is that of con- 
structing mechanisms which will 
provide reliable, predetermined con- 
trol over the fuel-air mixture in the 
combustion chamber, in order that 
combustion may be completely and 
efficiently performed. The mixture- 
regulating mechanism must provide 
a constant weight ratio of fuel to air 
despite varying atmospheric pres- 
sure and temperature conditions. It 
must also be able to throttle back 
on the fuel at the completion of the 
accelerating or the climbing phases 
of the flight. The mechanism is sub- 
jected to unusually severe accelera- 
tions and vibrations, and therefore 
must be ruggedly constructed. As 
yet no fuel control mechanism for 
ramjets has proven entirely satis- 
factory. 

As might be expected of an en- 
gine in which raw fuel is continu- 
ously dumped into a_high-mass- 
flow airstream, ramjet motors are 


not economical of fuel. Increasing 
motor efficiency to decrease fuel 
consumption and provide longer 
range with greater payloads is al- 
ways the designers’ goal. Much is 
now being done in this area for 
ramjets. Supersonic ramjet combus- 
tion efficiencies until recently were 
between 68 and 80%, but, by fur- 
ther study of the nature of combus- 
tion in a flowing stream and and 
the redesign of flameholders and 
fuel injectors, combustion effi- 
ciencies ranging from 85 to 95% 
have been attained. Increased com- 
bustion efficiency results directly in 
increased missile range, bringing in- 
land strategic targets into the area 
subject to missile attack. Combus- 
tion research is now working toward 
that end. 

Other ramjet problems may be 
summarized briefly: 

The need for rocket-propelled 
boosters to push the ramjet from 
the launcher to supersonic speed, 
where the ramjet motor can then 
take over. Booster design opens 
a whole new area of rocket-propul- 
sion problems. 

The difficulty of ground-testing 
ramjet engines, because of the pro- 
digious amount of power required 
to obtain even small airflows at 
supersonic speeds. Only small (up 
to 71% inch diameter) models are 
generally tested, which introduces 
uncertainty of results because of 
the possible size effect. 

The lack of a compilation of basic 
data necessary for solving ramjet 
problems in a complete, industry- 
wide form. This hindrance has now 
been almost overcome. 


Solution Difficult 

Such are the principal problems 
of supersonic ramjet propulsion. 
They will not be easily solved, be- 
cause they are based upon the 
rather complex behavior of an ac- 
tual gas (air), the imperfectly-un- 
derstood process of combustion, and 
the difficulties of high-speed, high- 
temperature aircraft construction. 
But compromise solutions are pos- 
sible and practical, and should pro- 
duce effective ramjet missiles with- 
in the next one to three years. 
Short-range missiles (under 100 
miles), for use primarily against 
ships, troop concentrations, and 
other tactical targets, will be the 

(Continued on page 36) 
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MODERN MAP MAKING 


Cartography 


By PROFESSOR HERBERT T. JENKINS 


Cartography has been defined as 
the art and science of preparing all 
types of maps and charts for gra- 
phically expressing our conception 
of what is known about the physi- 
cal features of the earth’s surface. 
As a corollary to this definition, a 
cartographer must be both an ar- 
tist and a scientist. He should have 
a highly professional background 
in at least one of the specialized 
phases of cartography, such as sur- 
veying or photogrammetry, as well 
as a sound basic experience in or- 
ganizational and administrative ac- 
tivities. He must also be able to pre- 
sent his information in a clear, col- 
orful and pleasing manner. 

A map, properly lettered, is the 
usual result of the cartographer’s 
efforts, but other forms of repre- 
senting the eagth’s surface are 
globes, relief models, and carto- 
graphs. In each case, of course, the 
scale of the reproduction is reduced, 
sometimes as much as five million 
times. This is, of course, necessary 
in order to permit us to compre- 
hend the larger earth surface pat- 
tern in a single view. 

Map making and map reading are 
subjects which are of great general 
interest. This universal interest 
probably stems from our forebears 
who first traced hunting directions 
in the dust or snow, since the abil- 
ity to draw simple maps of nearby 
regions as they appear from above 
seems to be inherent in all primi- 
tive peoples. 

The first portable maps were 
probably scratched on thin stones 
or molded in pats of damp clay. 
The oldest existing map now known 
is such a clay tablet made about 


2500 B.C., showing the confines of 
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one Babylonian land-owner’s prop- 
erty. Other early charts were made 
of palm twigs and shells by Pacific 
Islanders, or were drawn on seal 
skins by the Eskimos. 

Old maps reflect the advances 
made in mathematics, astronomy, 
and philosophy through the ages. 
For instance, the geographers of 
600-500 B.C. visualized the earth as 


a flat disc completely surrounded by 
water. About 400 B.C., the concep- 
tion of a spherical earth developed, 
and then measurements and rec- 
ords of latitudes, longitudes, and 
distances were made. Circa 150 
A.D., Ptolemy, one of the greatest 
of the old cartographers and geo- 
graphers, recorded most of the con- 
temporary knowledge of the world 


This medieval map is distorted to show Jerusalem as the center of the world. 
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in a huge atlas of eight volumes. 
His dissertations on the fundamen- 
tal principles of projections, globes, 
and methods of making maps were 
of great significance, but much of 
this information was temporarily 
lost or ignored during the Middle 
Ages in Europe. The disc map rep- 
resenting the earth as a flat sur- 
face completely surrounded by wa- 
ter once more became prominent 
as the famous “T in O” map, even 
though the early idea of the earth 
as a sphere was not entirely lost. 
This medieval map was distorted to 
conform to the teachings of the 
early church, with Jerusalem as the 
hub of the circle. 


After 1200 A.D., a new series of 
charts developed as a result of ex- 
tensive naval trade around the 
shores of the Mediterranean. These 
“portolan charts” were published in 
a portolano—a book for navigation 
—containing descriptions of ports 
and sailing directions. They were 
practical and accurate, and were 
closely guarded by their owners as 
trade secrets. These maps were un- 
doubtedly perfected because of the 
extensive use of the magnetic com- 
pass and early astronomical de- 
vices. Certainly Marco Polo’s world 
travels and the expeditions of the 
Portuguese mariners spurred the 
efforts of the early cartographers. 

About 1500 a number of events 
combined to activate further the 
science of cartography. Probably 
the invention of printing and en- 
graving was the greatest single de- 
velopment affecting this rena‘s- 
sance, but the travels and dis 
eries of Columbus, Magellan, aiid 
Drake, and the scientific accom- 
plishments of Frisius, Copernicus, 
and Mercator contributed in a large 
degree. 

From the 1700's to the present 
century, maps and charts contin- 
ued to proceed toward a more de- 
pendable and artistic product, al- 
though many blank spaces on the 
sheets or globes were filled with ar- 
tistic and legendary information 
which was totally useless. The need 
for accurate and complete military 
maps of Europe and Asia was acute 
in view of the numerous military 
expeditions and defenses occurring 
throughout this period, but the 
overall scope of each project was 
of such a size as to exclude all pri- 
vate enterprise. National surveys in 
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France, England, and other coun- 
tries were financed by the govern- 
ments for political reasons as well 
as for war, and surveying and map- 
ping became highly productive 
phases of governmental activity. 
Improvements in lithography and 
engraving procedures were also de- 
veloped for mapping, and photogra- 
phy was advanced to an excellent 
and dependable level. Mapmakers 
publishers throughout the 
world were producing high grade 
colorful sheets well within the reach 
of the general public. 


Airplane Used 

At the turn of the 20th century, 
the automotive industry overcame 
transportation difficulties with such 
speed that the need for good maps 
of every accessible area became 
very severe. Fortunately, however, 
this same industry produced, in the 
airplane, a tool for obtaining highly 
detailed photographic information 
which can be accurately analyzed 
and reproduced as a series of maps. 
These recent developments in the 
wide field of cartography are the 
items to be considered in the re- 
mainder of this paper. 


Professor Jenkins 


Professor Herbert T. Jenkins was 
born in Detroit, Michigan, in 1902, 
and received his M.S.E. from the 
University of Michigan in 1930. At 


THE AUTHOR 


Aerial photography is a particu- 
larly effective tool in making large 
scale topographic maps, but cannot 
at this time be considered effective 
in making world or continental 
maps. Geodetic surveys are still 
very important for developing a tri- 
angulation network over the geo- 
graphical surface of our world, a 
network upon which we can lace 
the smaller portions of our photo- 
grammatric efforts. But a controlled 
series of photographs can be ob- 
tained from the air in a few hours; 
they can be analyzed and interpret- 
ed in a few weeks, and can thus re- 
place the tedious labours of a field 
party for months or even years. 
This does not mean, however, that 
field surveying will be unnecessary. 
Control surveys are still needed, 
and field completion parties must 
still interpret the pictures and 
clarify obscure data. In order to 
simplify this chore in the United 
States, photographs are usually 
taken in the spring, when the leaves 
on the trees are very small and 
snow does not blanket the physical 
contours of the ground. Heavy foli- 
age in wooded areas makes it diffi- 

(Continued on page 30) 


that time he was engaged in Soil 
Mechanics Research for the Wayne 
County Road Commission, with spe- 
cial emphasis on the bearing capa- 
city of soils. 

In 1935 he was appointed to the 
Cornell Civil Engineering Faculty 
to work under Professor “Johnny” 
Parson. Since 1937 he has been 
Head of the Civil Engineering 
Drawing Department. His newest 
interest is in the field of cartogra- 
phy, stimulated by the fact that he 
spent his Sabbatic leave last year 
as a Cartographer with the U.S. 
Geological Survey. 

Professor Jenkins has been en- 
gaged in consulting work as a 
Registered Professional Engineer, 
and is a member of ASCE, ASEE, 
AAUP, Chi Epsilon and Pyramid. 
He is engaged at present in de- 
veloping his courses in Cartogra- 
phy for the “Cornell Center of In- 
tegrated Aerial Photographic Stu- 
dies.” 
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Professor Schauss Dies 


Stanley L. Schauss, “42, Associate 
Professor of Electrical Engineering 
died unexpectedly on January 24 
in Newark, N. J. 

He had been on sabbatic leave 
during the recent term, and was 
working with the Public Service 
Electric and Gas Company in New- 
ark when stricken. The previous 
day he had attended the winter gen- 
eral meeting of the American In- 
stitute of Electrical Engineers in 
New York. 

Professor Schauss joined — the 
School of Electrical Engineering at 
Cornell as an instructor in 1942. 
He became an assistant professor in 
1944 and was advanced to associate 
professor’s rank in 1949. His teach- 
ing was primarily in the fields of 
machinery, measurements, and 
power. 

A native of Brooklyn, he gradu- 
ated as an electrical engineer from 
Cornell in 1929 and received his 
master’s degree from New York 
University in 1938. From 1929 to 
1934 he served with the sales office 
of the Westinghouse Electric and 
Manufacturing Company and was 
an instructor in physics at Cooper 
Union in New York preceding his 
appointment to the faculty here. 

Professor Schauss also took an 
active part in the affairs of the elec- 
trical engineering school. He was 
secretary of the electrical engineer- 
ing faculty as well as a member of 
several standing committees. In ad- 
dition, he belonged to the American 
Institute of Electrical Engineers, 
Eta Kappa Nu and Phi Kappa Phi 


honorary societies. 


Summer Courses 

The College of Engineering will 
offer a unique program for engin- 
eering teachers and graduate stu- 
dents in the 1951 Summer Session. 
The courses, especially designed for 
engineering teachers in mechanics, 
structures and related fields, are 
intended to provide an opportunity 
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both for the strengthening of basic 
backgrounds and the expansion of 
specific studies in areas of primary 
importance to engineering instruc- 
tors. 

The program) will 
courses: Elementary Mechanics of 
Materials from an Advanced Stand- 
point by Professor H. D. Conway, 
Applied Elasticity also by Professor 
Conway, Theory of Elastic Stability 
by Professor G. Winter, Plasticity 
in Engineering by Professor P. P. 
Bijlaard, Advanced Structural An- 
alysis by Professor G. P. Fisher, 
and Aircraft Structures by Profes- 
sor C. Riparbelli. 

Each course carries Uiree semster 
hours credit; any two may be taken 
during the summer session of six 
weeks (July 2-August 11, 1951). 
The courses will be administered 
such that the special requirements 
of the teacher will be considered in 
the presentation of the program. 


include six 


Research Projects 

Two of the many research pro- 
jects being carried on in the Chem E 
school concern liquid-liquid extrac- 
tion towers and continuous crystal- 
lizers. 

An extraction tower usually is 
packed with ceramic objects which 
serve to increase the area of contact 
between the liquid containing the 
desired compound and the liquid 
which is to extract it. The separa- 
tions to be obtained from a tower 
of this sort are not as good as they 
could ideally be. To increase the 
time of contact of the liquids, yet 
not increase the surface area of the 
packing, (which would be expen- 
sive), a piston pump is installed at 
the base of the column of circulat- 
ing liquids. The pump applies a con- 
tinual up-and-down movement to 
the motion of the liquids, and thus 
increases the length of time of con- 
tact of the liquids, and the column 
is more efficient as a_ separator. 
Power requirements for raising a 
large amount of liquid, lowering it, 
and then raising it again, are 


high, and will tend to prevent 
the use of this type of column for 
general industrial purposes. Its main 
use will probably be in those indus- 
tries where a minimum contact time 
is desired between the product and 
the solution from which it has been 
made. This would be, for instance, 
in the anti-biotic industry, where 
the broths for fermenting cause the 
breakdown of the anti-biotic. In 
such cases, this “pulse column” will 
be helpful. 

Another project is the investiga- 
tion of the factors governing the 
operation of a continuous crystal- 
lizer. In essence, it suspends the 
growing crystals in an upward-mov- 
ing stream of the mother-liquor un- 
til they are heavy enough to settle 
out. By nice adjustment, the cry- 
stals grown may be of remarkably 
uniform size. Relations between the 
rates of flow and size of crystals are 
being studied, as well as mathe- 
matical relations between the other 
factors, such as temperature and 
pressure in the other parts of the 
apparatus. 


Paper Contest 

The student branches of the 
AIEE and the IRE will hold a 
technical paper competition for 
their members on March 9, 1951. 
The purpose of the competition 1s 
to promote interest and ability m 
the preparation and presentation of 
technical papers with which all en- 
gineers should be familiar. 

The competition will be divided 
into two categories, undergraduate 
and graduate with cash awards of 
$25, $10, and $5 being given in the 
undergraduate division and $20 and 
$5 in the graduate division. Win- 
ners of the first two prizes in the 
undergraduate competition will be 
the representatives of the Cornell 
student branch of the AIEE in the 
paper competition to be held in 
conjunction with the Convention of 
Student Branches at Syracuse on 


May 4, 1951. 
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LECTURE 
DEMONSTRATION 


Photographs by Robert M. Stuckleman, EE °54 


The lecture demonstration is per- 
haps one of the most effective meth- 
ods of instruction known to mod- 
ern education. 

The popularity of this device 
with both professors and students 
no doubt lies in the fact that it 
not only aids in comprehension of 
subject material, but also lends in- 
terest and color to a lecture. If 
good enough it may even serve to 
keep the students awake. This is 
usually accomplished in the more 
explosive type of demonstration 
such as one would likely encounter 
in a freshman chemistry or physics 
course. We can all recall very well 
the atomic bomb-like mushroom 


which filled the lecture hall as Pro- 
fessor Van Artsdalen mixed to- 
gether hydrogen iodide and sulphur- 
ous acid, or the small fireworks dis- 
play which took place in his dem- 
onstration of the thermite process. 

Just as vivid in our memories 
are the ingenious experiments per- 
formed by Professor Grantham as 
he brought to life such subjects as 
heat, light, sound, and mechanics. 
It will be hard to forget the pres- 
sure needed to liquefy gases after 
seeing it at work in the liquid air 
cannon, or the principle of conser- 
vation of energy excitingly demon- 
strated with the aid of a pendulum. 
In this experiment Professor Grant- 


Upper left. Professor Everett M. Strong demonstrates some of 
the fundamental laws of electromagnetic induction. 


Middle left. Professor Andy Schultz never fails to inspire a 


class when lecturing. 


Lower left. The inner workings of the shaded pole motor are 
demonstrated by Professor W. E. Meserve. 


Lower right. Professor N. Bryant adjusts a mercury arc rectifier. 
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Flaming Thermite 


And Swinging Weights 


Help the Student Engineer 


To Visualize Theory 


ham allows a ten-pound brass ball 
to swing away from him and then 
slowly come back perilously close 
to his face. According to the under- 
lying principle the ball will not hit 
him if it is allowed to oscillate 
without having been given an initial 
push and, of course, provided his 
head doesn’t move. Could any dem- 
onstration be more forceful, espe- 
cially when one false move might 
prove disastrous to the lecturer? 
Of course, such spectacular ex- 
hibitions are more the exception 
than the rule. Most of the lecture 
demonstrations presented here at 
Cornell are comparatively tame by 
nature to those already mentioned. 


In fact, the majority of courses, 
especially the more advanced ones, 
will not readily lend themselves to 
this device. Some professors, there- 
fore, resort to “demonstrations” 
which do not require any appara- 
tus. A fine example would be Pro- 
fessor Schultz, who is well known 
for his antics and tart comments 
in class. These never fail to keep 
his students amused and interested 
in the early morning lectures which 
many engineers would ordinarily 
utilize to catch up on their sack- 
time. Many other professors em- 
ploy the same tactics just to re- 
lieve the engineer from some of 
the drudgery that is ever present 
in his life. 


Upper right. Professor Grantham places his nose in the hands 
of the Law of Conservation of Energy. 


Middle right. Professor Newhall gets a large charge out of the 


Van de Graff generator. 


Lower right. The du Noye balance for measuring surface tension 
is given final adjustment by Dr. Muschlitz. 


Lower left. Molten iron burns through the bottom of an iron 
pot, with Professor Van Artsdalen standing by. 
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Paul 


Paul Jones, ME 

It is amazing what one person 
can do. Take Paul Jones, for in- 
stance. He has worked “part-time” 
for over 25 hours a week most of the 
time he has been at Cornell, main- 
tained one of the top averages in the 
ME school, and been chairman of 
that amateur organization that does 
a professional job, YASNY. Paul 
shrugs it off, saying, “It’s just a 
matter of getting used to it.” 

The McMullen Regional Scholar- 
ship Committee went out to Salt 
Lake City, Utah, to find Paul, the 
son of a mechanical engineer. Since 
coming to Cornell, he has done just 
about every kind of part-time work 
—dished out hash in a cafeteria, 
taken care of a rooming house, doled 
out reserve books at the Library, 
and graded papers in the ME school. 
For the forementioned work, he was 
remunerated, but in addition he 
has worked on every Barton Hall 
dance as a member of that quaintly 
named group, YASNY. For the 
past year and a half, he has been 
chairman, which meant supervising 
about 50 people and “taking the 
blame for everything that went 
wrong.” Those who have tripped 
the light fantastic at the Barton 
Hall dances will appreciate the tre- 
mendous amount of time, troubles, 
and toil involved in creating that 
terpsichorean fairyland. Paul re- 
ports that the hundred odd hours 
put in on each dance has been re- 
warding in the experience gained in 
supervising people and negotiating 
with outside parties. 
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PROMINENT 


In the ME school, Paul has been 
an active member of ASME, serv- 
ing as Vice-chairman one term, a 
member of Tau Beta Pi, Pi Tau 
Sigma, Kappa Tau Chi, and recent- 
ly was elected into the select gradu- 
ate honorary, Phi Kappa Phi. He 
has also worked on the Willard 
Straight Music and Social commit- 
tees. Last Engineers’ Day, Paul was 
in charge of all the Administrative 
Engineering exhibits, and one of 
them won the prize for the best ex- 
hibit. 

As a member of the first five-year 
ME class, Paul has been working 
on an individual project analyzing 
the sales organization of the Elliott 
Company. Paul worked with the 
company—manufacturers of power 
plant equipment—three summers 
and has taken their training course 
for college graduates. Eventually, 
he hopes to work in the sales de- 
partment of the company, but in 
the meantime there is a little mat- 
ter of a contract with the Naval 


ROTC. 


Joseph Calby, ChE 


Wrestling with ChemE reports 
as well as flesh-and-blood oppon- 
ents is accomplished with equal 
facility by Joe Calby. For aside 
from maintaining a highly respect- 
able academic average (four terms 
on Dean’s List), Joe starred on the 
wrestling team for three years and 
last year culminated his mat career 
by being elected to the captaincy. 
His skill in the fine art of grunt- 
and-groan was nicely demonstrated 
when he placed third in the Eastern 
Intercollegiates. 

A native of Philadelphia, Joe 
wanted a good chemical engineering 
education when he graduated from 
Mercersburg Academy, so, abetted 
by a McMullen Regional Scholar- 
ship, he boarded the Lehigh Valley 
for Ithaca. He hasn’t regretted it 
since—coming to Cornell, that is. 
For his first two years, he stuck 


with the Zzilch (sic) independents, 
but he was finally induced to be- 
come a Sigma Pi in his third year. 

Service to this grand institution 
took many forms for Joe—Chair- 
man of the Student Council Publi- 
city Committee during those hectic 
election days, Frosh Camp Coun- 
sellor, and president of the ChemE 
elite, Pros-ops. These multifarious 
activities were recognized by the 
honoraries of honoraries, Red Key 
and Quill and Dagger, which elected 
Joe to membership in his junior and 
senior year respectively. Proving his 
versatility in sports, Joe won a var- 
sity letter for 150-lb. football last 
year. 

For two summers, Joe bell-hopped 
in a hotel, spending a pleasant va- 
cation and earning an ample sum of 
money. But last summer, he worked 
as a junior engineer for the Sun Oil 
Company and found out what a 
ChemE really does in industry. Joe 
also discovered that his aptitudes 
did not lie along the research line, 
but rather in production or sales 
promotion work. There is only one 
hitch in his future plans. Because 
of circumstances beyond his control, 
he may have to serve in the armed 
forces. 
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ENGINEERS 


Marjorie Leigh, ChE 


Marge Leigh is really a remark- 
able young lady. What other term 
could be applied to a girl who com- 
bines avid interests in such diver- 
gent fields as music, horses, carpen- 
try, human relations and chemical 
engineering, going about each, and 
especially the latter recent 
months, with a boundless enthusi- 
asm which would tend to revive the 
long-dead belief in the possibility 
of perpetual motion. 

Marge says her interest in engin- 
eering was first aroused in_ the 


Marge 


eighth grade. So, with an eye to- 
ward an engineering college educa- 
tion, she worked hard and even took 
extra math courses while she was at 
Kent Place School, a private girls’ 
prep school, where she was presi- 
dent of her senior class. The choice 
of a good chemical engineering 
school was not difficult, and Marge 
set her sights on Cornell. However, 
by some devious machination of the 
admissions department, she some- 
how spent a term in the College of 
Arts and Sciences before arriving 
at Olin Hall to stay. 

The new arrival lost no time in 
becoming extra-curricularly 


Vol. 16, No. 6 


clined. As well as serving as presi- 
dent of her pledge class at Alpha 
Phi sorority, Marge also diverted 
her energies into other channels: 
the Frosh House Committee of the 
Straight, the Sage Chapel Choir, 
and the Octagon Club. She was 
also Class Song Leader, with conse- 
quent duties with the Class Coun- 
cil. Later years brought increased 
participation and responsibility in 
the affairs of the campus, as Chorus 
Director of the Octagon Club, Busi- 
ness Manager of the Frosh Camp, 
Director of the camp the next year, 
Prcsident of her sorority, and Judi- 
ciary Committee member of the 
Womens’ Self Government Associa- 
tion. Around Olin, when not busy- 
ing herself with the task of becom- 
ing a competent chemical engin- 
eer, Marge acted as Secretary- 
Treasurer of Pros-Ops, the activi- 
ties honorary of the Chem.E. 
School. 

Now, as a fifth-year student, she 
has been living off campus; and is 
concentrating on her professional 
interests, sometimes working well 
into the wee, small hours of the 
morning on her project. She enjoys 
her work a great deal, and has very 
definite plans for applying her hard- 
earned knowledge after graduation. 
Potential fields of professional in- 
terest to her include technical jour- 
nalism, marketing, and develop- 
ment. But she definitely wants to 
keep the human element in any 
proposed line of employment. 


William Jennings, ME 
Standing high in his class and 
well-liked, Wild Bill typifies the 
Cornell engineer. 
Bill came to Cornell because he 
was impressed by the fine climate. 


His first visit to the Hill from 
Evanston, Illinois, was blessed 
throughout by beautiful weather. 
Cornell’s high rating in engineering 
circles, and a Pepsi-Cola scholar- 
ship helped him to achieve his wish 


to come here, but he has never felt 
the same about the weather. “Worse 
than Chicago.” 

Bill’s nickname came from his 
three years of crew oddly enough; 
he was always the quietest man in 
the shell. After his campaigning for 
Senior Class, the sweep-swinger’s 
misnomer stuck. So “Wild Bill” he 
remains. 

Active in his fraternity, his pro- 
fession, and his university, Bill has 
managed to make his mark on the 
hill. His activities on the Senior 
Council have included the Senior 
Hat Committee, the Senior Class 
Cocktail Committee, and other so- 
cial activities of the Class of 1950. 

In the professional light, he shines 
as president of Kappa Tau Chi, 
honorary fraternity in Administra- 
tive Engineering, and as_ social 
chairman of both Pi Tau Sigma 
and Tau Beta Pi. He is active in 
the Engineer’s Lounge Committee 
and the Kappa Tau Chi Course 
Survey Committee. Although these 
activities keep him busy, you can 
always find him at ASME meetings, 
whenever there is one on metal- 
lurgy. 

Metallurgy is the field of Bill’s 
fifth year project. His group is 
working on the job of getting data 
on a new material, nodular cast 
iron. They have to devise some new 
testing procedures besides utiliz- 
ing old ones. Bill says that now he 
can appreciate just what goes into 
a stress-strain diagram. In recogni- 
tion of his efforts in the metallurgi- 

(Concluded on page 34) 
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RECENT DEVELOPMENTS 
IN ENGINEERING 


Techni-Briefs 


Sanitizing Burlap Bags 

Disease germs are now literally 
being cooked to death in a new 
sanitizing operation which saves 
farmers millions of dollars a year 
and helps stretch this country’s 
available jute supply. 

Burlap feed bags are made safe 
for re-use by heating them in spe- 
cial giant dielectric high frequency 
ovens. Since these bags are dur- 
able enough to be re-used an aver- 
age of five times, costs are cut to 
about one-fifth, and there is less 
drain on the jute supply available 
for new bags. 

Jute, the raw material from which 
burlap is made, is not native to 
the United States, this nation im- 
porting nearly all of its supply from 
India. 

After experimenting with steam, 
ultra violet light, and cyanide gas, 
it was found that heating with high 
frequency electricity was the most 
practical way to sanitize the feed 
bags for re-use. Bags in bales of 
250 each were conveyed between 
electrodes in dielectric ovens and 
the temperature throughout the 
bales brought up to 230 degrees 
Fahrenheit, sufficient to kill un- 
desirable disease organisms but not 
to burn or otherwise harm the 
bags. 

Two of the largest dielectric 
ovens of their type ever built were 
constructed by General Electric 
specifically for this purpose, and are 
currently in use at the Eastern 
States Farmers Exchange in Buf- 
falo, New York. Each oven is 44 
feet long, 9 feet high, 9 feet wide, 
and operates at a frequency of 
about 13,000,000 cycles with a total 
power requirement of 120,000 watts 
per oven. 

Used bags should definitely be 
freed of any disease germs before 
again being filled with feed. Even 
though between trips the bags are 
thoroughly _air-suction cleaned, 
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there is a possibility of a spread of 
animal and poultry diseases due to 
the re-use of bags after they have 
been in a poultry house or on a 
dairy farm. 

The sanitizing cost with this new 
method is one-half cent per bag. It 
covers investment, labor, and elec- 
tric current. 


Television Microscope 


Significant extension of the range, 
power, and versatility of the light 
microscope by use of special elec- 
tronic eyes of the television camera, 
instead of the human eye, was dem- 
onstrated by scientists of Prince- 
ton University and the RCA Lab- 
oratories Division. 

The new technique of televised 
microscopy, since it enables the in- 
terchanging of television camera 
tubes which are made sensitive to 
specific wave lengths of light, gives 
considerably sharper contrast than 
heretofore available, according to 
Dr. A. K. Parpart, chairman of the 
Princeton Department of Biology, 
who has tested the experimental 
RCA industrial television equip- 
ment in biological research since 
last April. 

The television-microscope com- 
bination also has the advantages of 
making possible the study of many 
components of living cells normally 
visible only after killing and stain- 
ing and the direct observation of 
motion of, and within, these cells 
at high magnifications. Even with- 
out the specially sensitized tubes a 
high degree of contrast enhance- 
ment can be obtained by means of 
the variable light level controls on 
the television receiver screen. 

Though the RCA televised mi- 
croscopy equipment has been used 
primarily for research at Prince- 
ton, it has proved convenient for 
showing specimens to several per- 
sons simultaneously in a conference 


group. It has also been used suc- 
cessfully in large classroom demon- 
strations by Dr. Harry Fulbright, 
former Princeton physics professor, 
in two otherwise difficult micro- 
scopic demonstrations—the Milli- 
kan oil drop experiment and the 
demonstration of Brownian motion 
in smoke particles. 

The experimental _ installation 
consists of a laboratory microscope 
mounted beneath an industrial tele- 
vision camera, which is no larger 
than a personal 16-mm. motion 
picture camera. The televised mi- 
croscopic scene is transmitted by 
cable to a standard receiver-moni- 
tor placed nearby. 

At the heart of the industrial 
television camera is a remarkably 
small and sensitive pickup tube— 
the Vidicon, which can be sensi- 
tized with materials which make 
it receptive to a particular narrow 
band of wave lengths. For the model 
used at Princeton, a red-sensitive 
tube and a violet-sensitive tube 
have been provided. Research en- 
gineers are developing tubes which 
may extend the range of the micro- 
scope’s vision into the infra-red 
and ultra-violet regions. The micro- 
scope can also be equipped with a 
binocular viewer and a_ second 
television camera so that two selec- 
tive tubes scan the microscopic 
scene at the same time. 

With the red or violet tube, it is 
possible to select a narrow wave 
length band for study of a particu- 
lar cellular material whose light 
absorption characteristics lie in that 
band. The degree of contrast be- 
tween various chemical components 
within the cell is much superior to 
that previously gained by the 
tedious method of photographing 
the specimen through color filters. 
In fact, some granules in living cells 
have been brought out this way for 
the first time. 

Many biological specimens, such 
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as granules of certain red blood 
cells, can at present be studied 
only after they have been stained. 
With televised microscopy, the ap- 
propriate tube will make the speci- 
men stand out clearly without 
staining. Staining often either kills 
a specimen or, in some instances, a 
specimen must be killed before it 
will absorb the stain. 


New Turbojet Engine 

The most powerful turbojet en- 
gine in the world has successfully 
completed ground tests that qualify 
it for quantity production, accord- 
ing to Navy and Westinghouse 
Electric Corporation spokesmen. 
The new jet, known as the J40, 
uses less fuel per pound of thrust 
than its predecessor, the J34, an 
engine that powers some of the na- 
tion’s fastest planes. 

Designed by Westinghouse engin- 
eers under the guidance of the 
Navy Bureau of Aeronautics, the 
J40 packs more potential speed into 
less space than any previous rotat- 
ing engine ever built. 

The thrust developed by the J40 
—equivalent to 14,000 horsepower 
at modern flight speeds—is for a 
“bare” engine, without thrust aug- 
mentation. The addition of an after- 
burner to reheat the exhaust gases, 
after they leave the turbine and 
before they emerge as a jet stream 
from the rear, together with other 
developments now in progress, is 
expected to almost double this fig- 
ure. 

The J40 is one of the most effi- 
cient basic operational turbojets, 
as well as the most powerful, yet to 
be made available to the armed 
forces. A group of high-perform- 
ance military aircraft, now in the 
prototype production stage, has 
been designed especially to take ad- 
vantage of the performance capa- 
bilities of the new engine. 

However, total thrust and fuel 
economy in an engine are no longer 
sufficient qualities to meet modern 
flight needs. A plane’s engines are 
being called on to perform a variety 
of functions that once were left to 
the pilot or to the plane manufac- 
turer to worry about. Despite the 
enormous strides in airplane operat- 
ing speeds and the extraordinary 
physical demands imposed by very 
high altitude operation, the new 
engine asks less of the pilot than 


Vol. 16, No. 6 


any previous engine, either jet or 
propeller. 

Operation of the J40 in any high- 
performance military plane will ac- 
tually be simpler for the pilot than 
driving his car. The engine’s elec- 
tronic control system is completely 
integrated and automatic from 
standstill to top altitude and speed. 
From starting to full power, and 
under any condition of flight or al- 
titude, operation of the engine is 
accomplished with a single cock- 
pit control, equivalent to a throttle. 
All engine conditions are, in turn, 
automatically tied to this control. 

Even impossible icing conditions 
do not matter to the J40 for it “sim- 
ply burns its own way through ice” 


The glass plate being prepared for the 
vaporization process. 
~—Courtesy of RCA 


leaving the pilot free to attend to 
navigation, battle tactics, and battle 
itself. 

The J40 which was subjected to 
the grueling 150-hour qualification 
test—a test that all new engines 
must pass to be eligible for quantity 
production—had already been op- 
erated more than half the required 
test time before the official test 
started. In that time, it had run at 
military power almost twice as long 
as the test requires. Its use of Jubri- 
cating oil during the test was 93 per 
cent less than was specified. 

The J40 is of axial-flow de- 
sign. But, unlike its predecessors 
which take in air through a circular 
orifice, the air intake of the J40 is 
divided into two elliptical openings, 
‘ranged like the letter Y. To main- 
tain a minimum diameter for the 
engine as a whole, major engine 
and aircraft accessories are mount- 


ed between the arms of the Y, while 
minor accessories are strung out 
along the sides of the barrel of the 
engine to conserve space. 

The J40 uses a unique annular 
combustion chamber. This annular 
design results in smaller combustor 
diameter than is possible with a 
number of separate can-type com- 
bustors arranged in a circle around 
the shaft. It also involves only a 
single flame, which is easier to con- 
trol under difficult conditions than 
the multiple fires used in can-type 
combustors. 


Color Television 

Mirrors that reflect one color of 
light—red, blue or green—are being 
used by scientists to explore new 
methods of transmitting and receiv- 
ing color television pictures. By de- 
positing ultra-thin layers of metallic 
compounds on clear glass these 
scientists are able to produce mir- 
rors that “see” and reflect only one 
color. 

The mirrors are used at both the 
transmitting and receiving ends of 
the television system. At the trans- 
mitting end the mirrors pick up the 
color picture from the camera and 
break it down into its three basic 
colors—red, blue, and green—which 
are sent in the proper sequence 
through the system. At the receiv- 
ing end another set of mirrors 
“gathers” in the colors, and re- 
groups them in the color picture 
seen on the television screen. 

To make their one-color mirrors, 
the scientists take a clear sheet of 
glass and place it in a big, glass- 
jar “oven” from which most of the 
air has been evacuated. Then they 
electrically heat a special metal 
compound until it melts and sends 
vapors rising through the glass jar. 
As these strike the glass sheet, they 
form ultra-thin layers of a smooth, 
even film. 

The thickness of the film deter- 
mines. which color will be reflected 
by the mirror. For blue the thick- 
ness may be one-fourth the wave- 
length of blue light, or about 16 
millionths-of-an-inch. To reflect 
green light, the layer is made slight- 
ly thicker, while red reflection re- 
quires the thickest films. The more 
layers of a particular thickness, the 
deeper the color. 

The films act like “traffic cops” 


(Continued on page 36) 
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Presidents Message 


Being President of the Cornell Society of Engineers 
has been most enjoyable. Telling you of some of the activi- 
ties of the week ending February 17th may give some 
idea of the reason. 

On February 13th at the New York Cornell Club, 
Deans Christensen and Rhodes were with us and the meet- 
ing was well attended. Chris and Dusty beth did a fine 
job for the CE’s and the ChemE’s, respectively. The ques- 
tion period was particularly interesting and even the 
commuters seemed to forget their trains. 

Even more pleasing and exciting for me was my visit 
to Ithaca on February 16th and 17th. The staff of the 
Cornell Engineer had invited me to their Annual Banquet 
at the Dutch. In the afternoon I saw them at work in Lin- 
coln Hall—getting out the March issue and a little over 
an hour later they were the gracious hosts to the Directors 
and staff of the Engineering Colleges. 

Editor in Chief, Tom Kelly, as Toastmaster must have 
established some sort of a record when he called on four- 
teen assorted deans, faculty advisors and professors and 
they pleted their in the total elapsed time 
of something less than two minutes. Ted Wright, Acting 
President, gave us a fine picture of Research activities at 
Cornell. 

The results of the election to the staff of the Cornell 
Engineer for the new year was announced. 
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On Saturday Dean Hollister brought me up-to-date 
on the effect of the National Defense Program on the col- 
leges. I gathered that definite progress is being made 
towards a saner program; that engineers, under-graduates 
and graduates alike should not be stampeded, should stay 
put until plans are worked out to use them and their train- 
ing to the best advantage. 

I also visited my classmate, Bill Emerson, the new 
Vice President in charge of University Development. In 
spite of many problems, I found him optomistic that Cor- 
nell was in a good position to meet its obligations and con- 
tribute its full share in the National Emergency. 

Perhaps the most active spots these days are the place- 
ment offices, both in Ithaca and New York. 

John Munschauer is arranging an average of 140 
interviews a day between students and prospective em- 
ployees. At the same time Paul Reyneau in New York has 
a record number of requests for men to fill jobs of real 
importance. To appreciate the scope of this activitiy you 
have to see it for yourself. 

Remember March 27th—That is the day the panel 
of fifth year students from the Engineering Schools will 
put on their own program at our New York meeting at 
the Cornell Club. 


GEORGE T. MINASIAN 
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“Mr. Bell, I heard every word you said — distinctly!” 


75 YEARS OF TELEPHONE SERVICE 


On the evening of March 10, 1876, 
on the top floor of a boarding house in 
Boston, the telephone carried its first 
intelligible sentence. 


It seemed like a miracle to our 
grandparents and great-grandparents. 
Yet today, the telephone is a part of 
our everyday living. And that is the 
real miracle —the fact that the tele- 
phone has come to mean so much to so 
many people in so many ways. 


The telephone is an indispensable 
tool of business and government — to- 
day’s tremendous job of production 
and defense could not be carried on 
without it. It serves in minor emer- 
gencies and great ones. It helps main- 
tain family and community ties. And it 
keeps right on growing and improving. 


Never in the history of the tele- 
phone has it been so valuable to so 
many people as right now. 


BELL TELEPHONE SYSTEM 
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Alumni News 


John C. L. Fish, C.E. ‘92, is co- 
author with Theodore J. Hoover of 
a second edition of The Engineering 
Profession, published by Stanford 
University Press. Mr. Fish is emeri- 
tus professor of civil engineering 
at Stanford and lives at 1336 Em- 
erson Street, Palo Alto, Calif. 


John D. Mickle, M.E. ’93, is vice- 
president and director of the Chat- 
ham State Bank. From 1934-46, he 
was sanitary engineer in Columbia 
County. He was president of Chat- 
ham Electric Co., 1914-24; treasurer 
of Deposit Electric Co., 1912-14; 
sales-manager in the Syracuse of- 
fice of Westinghouse Electric, 1900- 
12; and school commissioner in 
Columbia County, 1894-1900. 


John W. Sheffer, M.E. ‘07, has 
retired as general improvement en- 
gineer for American Car & Foundry 
Co., after forty-two years of engi- 
neering in plant operations. His 
address is 1557 Overbrook Road, 
Williamsport, Pa. His son, John W. 
Sheffer, Jr., ‘39, is purchasing agent 
for Paulsboro Manufacturing Co., 
Fullerton, Pa., and lives at 123 Elm 
Street, Emaus, Pa. 


John S. Gorrell, M.E. ‘05, retired 
executive of the Chesapeake and 
Potomac Telephone Co., is making 
a study of telephone needs for the 
U.S. Marine Corps at Quantico, Va. 
He lives at 405 Magnolia Avenue, 
Frederick, Md. 


George A. Belden, ‘11, C.E. ‘12, 
has been reappointed for a five- 
year term to the Georgia board of 
registration for professional engi- 
neers and land surveyors. He is 
assistant chief engineer for Central 
of Georgia Railway, Savannah, Ga. 


George M. Heinitzer, C.E. ‘15, is 
district bridge engineer, Pennsyl- 
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vania Department of Highways. His 
home address is 5227 Fifth Avenue, 
Pittsburgh, Pa. 


Allen Mulford, M.E. ‘15, is com- 
mercial vice-president, International 
General Electric Co., 1 River Road, 
Schenectady. 


William Spivak, C.E. ‘20, is a 
civil engineer connected with the 
office of the President of the Bor- 
ough of Brooklyn. He is vice-presi- 
dent of the Municipal Engineers of 
the City of New York, president of 
the Association of Civil Engineers 
in the New York County chapter 
of the New York State Society of 
Professional Engineers. He lives at 
8714 Twenty-first Avenue, Brook- 
lyn 14, N. Y. 


Pietro Belluschi, C.E. ‘24, Port- 
land, Ore., architect, becomes dean 
of the MIT school of architecture 
this month. Among the 600 build- 
ings he has designed are the 
Equitable Building in Portland, win- 
ner of the 1950 award of the Pan 
American Congress of Architects, 
and the Portland Art Museum, and 
Finley’s Mortuary, which won 
awards from the American Insti- 
tute of Architects. Life magazine 
featured a “minimum house” he 
planned and Progressive Architec- 
ture gave him a “first” for the 
“most progressive house built in 
1948.” President Truman appointed 
him in June to the National Com- 
mission of Fine Arts. 


John P. Syme, M.E. ‘26, a senior 
Vice-President and Assistant to the 
Chairman of the board of the 
Johns-Manville Corporation, was 
inducted into the Quarter Century 
Club, a society composed of per- 
sons with more than 25 years ser- 
vice with the company. He is a Di- 


rector of the United Medical Ser- 
vice; member of the Board of Gov- 
ernors of the Cornell Club of New 
York, University Club of New York 
City, Sons of the Revolution, Essex 
Yacht Club, Delta Upsilon and a 
past President of the Cornell So- 
ciety of Engineers. 


T. C. Borland, M.E. ‘35, has been 
named assistant division produc- 
tion superintendent of Stanolind 
Oil and Gas Company's Central 
Division. Previously, he had been 
division engineer in the company’s 
Texas-Lovisiana Gulf Coast Divi- 
sion at Houston, Texas. Mr. Bor- 
land is a member of the American 
Institute of Mining and Metallurgi- 
cal Engineers. 


Karl J. Nelson, B.Ch. E. ‘39, has 
transferred from Standard Oil De- 
velopment Co. He joined the De- 
velopment Company in 1939. His 
home is at 321 North Avenue East, 
Cranford, N. J. 


Robert G. Coe, M.E. ‘42, is with 
Carrier Corp., Syracuse, manufac- 
turers of air conditioning and re- 
frigeration machinery. He has been 
with York Corp., York, Pa. 


Robert F. Brodsky, B.M.E. ‘46, is 
a research engineer in aerodynam- 
ics with Sandia Corp., Albuquerque, 
N. M. He received his DSc in engi- 
neering at NYU where he was an 
instructor in mechanical engineer- 


ing. 


John P. Bagby, M.E. ‘46, has 
been promoted to production man- 
ager of Bagby & Co., manufactur- 
ers of food packaging machinery. 
The Bagbys, who live at 729 Hin- 
man Avenue, Evanston, Ill., have 
a daughter, Carol Jean. 
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How much 
do you know 
about transportation? 


Rapid, modern transportation by land, sea and air depends largely on 
petroleum for power and lubrication. But few realize the wide 
variety of petroleum products required to keep travel and trade in 
motion. Test your own knowledge. 

A few of the many petroleum products needed are listed at right. 
See how many you can correctly identify with the mode of 
transportation in which they are used. Check your estimates 
with the figures in the illustration. 

Hand in hand with the advance of modern transportation 
have been many improvements in the quality of petroleum 
products. Behind these improvements is a vast amount of 
progressive, scientific research and the work of 
thousands of skilled people. 

Good jobs with fair pay and a chance to get ahead 
have helped Esso Standard Oil Company to build a team of 
27,000 employees. With its many years of petroleum 
experience, this team is constantly striving to improve the 
quality and value of the products at the famous Esso Sign. 


ESSO STANDARD OIL COMPANY 
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Aviation Gasolines 
Automotive Gasolines 
Diesel Fuels 

Bunker Fuel Oils 
Lubricating Greases 
Motor Oils 
Heavy-Duty Motor Oil 
Aviation Engine Oils 
Steam Engine Oils 
Steam Turbine Oils 
Railroad Car Oils 
Gear Lubricants 
Hydraulic Oils 
Synthetic Rubber 


23 


| 00000 \ 
j 
| 
0000008080 
000000 
: 


Origin of the Universe 
(Continued from page 7) 


lieved to be, by weight, one part 
gas and dust to one part stars. The 
basic elements of matter are spread 
homogeneously through any large 
segment of space. The vacuum 
of space far exceeds any ever cre- 
ated in a laboratory, yet a funnel 
extending from the earth to the sun 
would contain 150,000 tons ot hy- 
drogen alone. Thus “empty” space 
is only relative. 


Information Needed 

Cosmogonists warn of projecting 
a view of the whole universe from 
the small segment so far seen 
through the telescope. To specify 
the curvature of the universe and 
therefore the type of universe the 
scientist needs three pieces of in- 
formation. They are: the mean den- 
sity of matter for the calculation 
of the size of the universe, the pro- 
portionality constant in the velo- 
city-distance relationship estab- 
lished by the red shift, and meas- 
urements at greater distances in 


space showing neither a deviation 
from linearity in these velocity-dis- 
tance relationships, or providing a 
value for the curvature of space. 
It is hoped that information gleaned 
from data taken at Mt. Palomar 
will provide the answers to these 
missing details. 


Kant’s Theory 

Prompted by man’s interest in 
the latter question of the origin of 
the planets, theories explaining the 
birth of our planetary system have 
appeared fairly regularly ever since 
Immanuel Kant in 1775 presented 
his theory to the world. He specu- 
lated that the sun and_ planets 
formed by condensation from a gas- 
eous cloud. This “nebula hypo- 
thesis” later lost scientific favor. 
More modern astronomers, notably 
Sir James Jeans, acknowledge this 
possibility for the sun but not for 
the planets. Jeans suggests that an- 
other star grazed the sun, pulling 
out a thread of sun matter that 
gathered into beadlike planets. Non- 
scientific people favored this “catas- 
trophic explanation” of the origin 


partners in creating 


For 81 years, leaders of the engineering profession 
have made K & E products their partners in creating 
the technical achievements of our oge. K & E instru- 
ments, drafting equipment cnd materials—such as the 
LEROY} Lettering equipment in the picturo—have thus 
played a part in virtual'y every great engineering 
project in America. 


KEUFFEL & ESSER CO. 
NEW YORK * HOBOKEN, N. J. 
Chicago * St. Louis * Detroit 
San Francisco * Los Angeles * Montreal 


tReg. U.S. Pat. Off. 


since they liked to believe that man 
and his earth are unique in the uni- 
verse. The extreme rarity of such a 
collision between stars, (the chances 
are I in 5X10" years), substan- 
tiated the belief that the earth is 
the only chunk of matter with 
proper conditions for life to develop. 
Kant’s theory recently 
brought up again by astronomers 
for reconsideration and amplifica- 
tion. Astronomer Gerard P. Kuiper, 
of the University of Chicago was 
one of the principles involved in 
this neo-Kantian hypothesis. He 
concludes that the dust cloud 
around the nascent sun _ passed 
through a stage with approximately 
one third of the system’s matter 
forming a thin pancake shaped disk 
somewhat like Saturn’s rings. This 
disk, according to Kuiper, grew 
denser and denser until it became 
unstable and broke into whirling 
eddies of the dust materiel. These 
eddies, named “proto-planets” by 
Kuiper, condensed into planets, 
each with a smaller disk of ma- 
teriel around it from which satel- 
lites formed. Saturn’s ring did not 
condense because it was too near 
the planet and the strong gravita- 
tional force kept the ring matter 
within its orbit. The part of Sat- 
urn’s disk which was_ retained 
formed the rings we see today. 
The composition of the planets 
was determined largely by the tem- 
peratures of the cloud regions from 
which they were formed. Mercury, 
Venus, Earth—close to the Sun, 
were of dense materiel which be- 
came solid at fairly high tempera- 
tures. The planets far from the Sun 
—Jupiter, Saturn, Neptune, are 
gases, water, ice or hydrocarbons. 


Origin of Moon 

Kuiper thinks that the Moon was 
not formed this way but is part of 
a double planet system formed 
when the other planets were cre- 
ated. The craters on the Moon’s 
surface were caused by materiel 
raining down from the disk com- 
mon to both Earth and Moon. 
Similar marks on the Earth were 
erased by the erosive action of the 
atmosphere which the earth was 
large enough to support. 

Kuiper’s theory makes it much 
less likely that man is alone in the 


(Continued on page 26) 
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Five new RCA-equipped stations in Mexico, Brazil, and Cubs, add television to the forces which make Good Neighbors of all the Americas. 


Now telension goes Good Neighbor” 


As little as 10 short years ago, televi- 
sion—to the average man on the street 
—seemed far away. Today, television 
is in 10,500,000 homes. 


Newest demonstration of TV’s growth 
is its leap to Latin America. 3 RCA- 
equipped stations are now in Cuba, 1 in 
Mexico, another in Brazil—and more are 
planned. They are contributing to televi- 
sion progress by following a single tele- 
casting standard. They also use develop- 
ments from RCA Laboratories: the image 


orthicon television camera, electron tubes, 
monitoring equipment, and antennas. 

And as our neighbors to the south watch 
television at home, they see another develop- 
ment of RCA research—the kinescope. The 
face of this tube is the “screen” in all- 
electronic home TV receivers . . . on which 
one sees sharp, clear pictures in motion. 


* * * 
See the latest wonders of radio, television, 
and electronics at RCA Exhibition Hall, 
36 West 49th St., N. Y. Admission is free. 
Radio Corporation of America, RCA Build- 
ing, Radio City, New York 20, New York. 


Continue your education 
with pay—at RCA 
Graduate Electrical Engineers: RCA 


Victor—one of the world’s foremost manu- 
facturers of radio and electronic products 
—offers you opp ity to gain ble, 
well-rounded training and experience at 
a good salary with opportunities for ad- 
vancement. Here are only five of the many 
projects which offer unusual promise: 

©@ Development and design of radio re- 
ceivers (including broadcast, short wave 
and FM circuits, television, and 

graph combinations). 

© Advanced development and design of 
AM and FM broadcast transmitters, R-F 
induction heating, mobile communications 
equipment, relay systems. 

© Design of component parts such as 
coils, loudspeakers, capacitors. 

© Development and design of new re- 
cording and producing methods. 

© Design of receiving, power, cathode 
ray, gas and photo tubes. 

Write today to National Recruiting Divt- 
sion, RCA Victor, Camden, New Jersey. 
Also many opportunities for Mechanical 
and Chemical Engineers and Physicists. 


RADIO CORPORATION of AMERICA 
Wotld Leader in Radio — First in Television 


Vol. 16, No. 6 


« 

Th 

H 

: 
| 


No. 4 of a Series 


MERARDUCT * SHERARDUCT SHERARDU' 
ROUCT ROU! SHERARDUCT 
SHBRARDUCT 1S. 


T * SHERARDUC, 
jOUCT DU 


SHERARD: 
oucr 
SMERAROU! 


ND 
SHERARDUC ERARDUCT * SHERARD 


T * SHERARDUCT * SHERARO 
/HERARDU SHERARD 


ERARDUCT * SHERARDUCT 
ROUCT © SHERARD 
* SHERARDUCT 


act Te 
ORARDUCT * SHERARDUCT 
SHERARDUCT SHE 
RDUCT * SHERARDUCT MRERARDUCT SHERARO; 
SHERARDUCT * SHERARDUCT SHERARDUCT 
suerarouct «@eraroucr + sneer 
SHERARDUCT * SHERARDUCT * SHERARDU 

RDUCT © SHER 


Gssnvu:t) You bet it is! An electrical 

ee conduit has to bend easily, 
yet not collapse, flake, chip or 
crack. And when it’s bent it must 
retain the full bend. That’s why 
Sherarduct is so widely used 
throughout the electrical indus- 
try. It meets a// of these require- 
ments and more. 


Sherarduct is made of mild, high- 
grade steel that is Spellerized to 
assure a fine, even-textured con- 
duit. Because of its malleability 
and ductility, it is easily bent, 
with no spring back. When 
Sherarduct is bent to 90° it stays 
at 90°! 


Sherarduct is speedily installed, 
permits symmetrical conduit runs 
and banks. It —— costly hold 
ups on the job, labor kick backs, 
erratic flow of materials. When 
you use Sherarduct, the whole 
conduit installation goes up 
faster, easier, more economically, 


EVERYTHING 
WIRING POINTS TO _ 


National Electric 
PROCUCTS CORPCRBATION 
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universe. Since the sun is an or- 
dinary star, it 1s quite conceivable 
that some among the countless 
other stars may have acquired life 
even more developed, today, than 
ours. 


Solar Evolution 

Another theory dating back many 
years is the one which has the plan- 
ets originating directly from the 
sun. This “solar evolution” has the 
planets breaking off from the sun 
as a result of some tremendous 
force such as the gravitational at- 
traction of a large planetary body 
whose orbit came close at one time 
to the Sun. There are two objections 
to this theory which account for its 
lack of support. First, the outer 
planets are too far away from the 
Sun to have been torn from it and 
flung out into space. Secondly, the 
composition of the sun is mostly 
hydrogen and helium. All other 
elements are quite rare. Yet, the 
planets are composed principally of 
the heavier elements which could 
not have come from a sun whose 
composition does not include them. 

A novel and very interesting 
theory was formulated within the 
last decade by Georges Lemaitre, a 
Belgian priest. He visualized the 
whole universe starting as a single 
super-atom of unimaginable energy 
content that exploded about 2 bil- 
lion years ago. If his hypothesis 
holds, all energies we are aware of 
today, from the bursting brilliance 
of giant stars to the feeblest kicks 
of dying protoozoans are but var- 
ied expressions of that vast primal 
explosion. 

Lemaitre’s mathematical calcula- 
tions carried him back to the be- 
ginning-point where neither time 
nor space existed and all matter 
which eventually came to consti- 
tute the stars and planets was pres- 
ent only potentially as_ terrifically 
high energy in one single cosmic 
bomb. 


New Theory 

Within the last year, two Cam- 
bridge mathematicians presented 
their new theory which shows prom- 
ise of settling, at least for the time 
being, the two questions that have 


been discussed. The unusual part 


of their work is that it encom- 
passes the whole universe, explains 
both major questions, and does not 
collapse in spots as previous theo- 
ries had done. Perhaps this is so 
because Lyttleton and Hoyle, the 
two collaborators, attacked the 
problem from a new angle. They 
had both spotted a key bit of in- 
formation: that the major part of 
the universe is not in the stars but 
in the thin stuff between them. | 
have already mentioned this, but it 
is significant that none of the other 
theories discussed made use of 1 
as a basic premise! 


Originally Hydrogen 

They started with an empty uni- 
verse filled uniformly with hydro- 
gen. The gravitational instability 
of such a thin gas then begins to 
play a major role as the atoms at- 
tract and repel each other and 
eventually form great clouds of gas. 
These gas clouds move through 
space gathering in smaller clouds, 
eventually crowding together into 
tremendous gaseous masses out- 
weighing millions of heavenly 
bodies. These masses of hydrogen 
are also spinning as they travel 
through space and thus spread out 
into the disk-like shape we have 
encountered before. Within the disk, 
clots of matter form which pack 
towards the center, getting hot as 
they do so. When the cloud has 
contracted sufficiently its center is 
hot enough to start the nuclear re- 
action which turn hydrogen into 
helium and thus provides the con- 
tinuous production of energy with 
which a star burns. 


Star Is Formed 

Once this nuclear reaction has 
begun, a star, as it is now called, 
could pursue its way in space al- 
most indefinitely while its supply 
of hydrogen lasted, were it not for 
the same interstellar materiel from 
which it was formed existing. A star 
which gathers too much of this ma- 
teriel begins to use up its hydro- 
gen too rapidly and consequently 
burns itself out too soon. 

Those normal stars which burn 
their hydrogen at a normal rate 
eventually turn all of it into hel- 
ium, and thus end their natural life. 
The star begins to contract as mat- 
ter from the periphery falls to the 

(Continued on page 28) 
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HOW IT WORKS 


Supersonic waves are sent into the 
material under test. Upon reaching the 
other side, or upon reflection by a dis- 
continuity, the waves return to their 
source and are then converted into a 
high-frequency potential. This poten- 
tial is amplified by electronic circuits 
and projected upon the screen of a 
cathode-ray tube where they may be 
seen and examined. 


Pulse pattern, showing the initial pattern 
at the extreme left and the reflection from 
the opposite side at the extreme right. The 
sweep line indicates no defects. 


A typical indication of a defect is illustrated 
here. By means of calibration, it is now pos- 
sible to determine both the exact position of 
the flow, as well as its size. 


Non-destructive Supersonic testing is another in 
a constant succession of new techniques em- 
ployed by Grinnell to provide prefabricated 
piping that is safe and dependable. 

Grinnell’s ultra modern electronic testing can 
be relied upon to detect hidden flaws in pipe 
materials, to check unerringly the quality of 
welds where it picks up flaws not revealed by 
X-ray and gamma ray inspection. In examining 
bends, this method of testing can measure the 
degree to which bent pipe thins on the outside 
and thickens on the inside of the bend, assuring 
full specified thickness in high temperature, high 
pressure work. 

Utilization of modern equipment of this type is 
one of many sound reasons why it pays to call 
in Grinnell “Whenever Piping Is Involved”. 
Grinnell Company, Inc., Providence, R. I. 
Branch warehouses in principal cities. 


GRINNELL 


WHENEVER PIPING IS INVOLVED 


pipe * valves * Gri 


1S. 


prefabricated piping * Theale unit heaters * plumbing and heating specialties * industrial supplies * water works su 
Grinnell automatic sprinkler fire protection systems * Amco humidification and cooling systems. 


valves * pipe and tube fittings * welding fittings * engineered pipe hangers and supports 


ENGINEERING GRADUATES HAVE FOUND ATTRACTIVE OPPORTUNITIES WITH GRINNELL 
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center. The center gets hotter and 
hotter and the mass begins to spin 
faster. This spinning and contract- 
ing may be terminated prematurely 
as portions of the periphery fly off 
into space exposing the hot interior 
and causing what we call a “nova.” 

If the “nova” does not occur and 
the shrinking process is continued 
the star approaches the earth in 
size with a density at the center of 
a billion tons per cubic inch. The 
surface is now emitting torrents of 
X-rays and the speed of revolution 
is near 100 million miles per hour. 
The center, which has been grow- 
ing hotter all along, approaches a 
temperature 300 times that of the 
interior of the Sun. This sets off new 
nuclear reactions releasing countless 
free neutrons. Other energy-absorb- 
ing reactions take place and as a 
result the interior of the star is 
suddenly cooled. The star collapses 
releasing so much gravitational en- 
ergy in a matter of minutes that 
most of it is blown away in a stu- 


pendous explosion. The outer layers 
fly off as incandescent gas; the in- 
ner regions of heavier elements 
formed during the nuclear reactions 
at the recent high temperatures also 
leave, but at lesser speeds. The ex- 
ploding star shines with magnificent 
brilliance in what we term a “super- 
nova.” 
Supernova Formed Planets 

Hoyle and Lyttleton believe that 
our planetary system owes its birth 
to such a “supernova.” They say 
that a binary star to the Sun once 
became a “supernova” and the 
slower moving products of the ex- 
plosion were captured by the at- 
traction of the Sun and formed a 
gaseous disk again around it. This 
disk became, in time, the planets. 
The beauty of this scheme is that 
the mystery of the difference in 
composition of the planets and the 
sun is explained. The “supernova” 
occurred precisely because heavier 
elements were formed in the com- 
panion star. When it blew up, it is 
natural enough that the planets 
formed will be composed of heav- 


ier elements in contrast to the com- 
position of the Sun. If we are to 
accept their theory, a finite life to 
our solar system can be predicted. 
In about ten billion years the Sun 
will get hotter thus killing any in- 
habitants on the planets. Forty bil- 
lion years later it will swell up and 
consume those heavenly bodies near 
it. 

To deal with the problem of the 
“red shift” and the moving gal- 
axies, Hoyle and his colleagues ap- 
proached the problem from a dif- 
ferent point of view than the vel- 
ocity-distance relationships before 
mentioned. They started with the 
assumption that the universe is in a 
steady state. Einstein’s four dimen- 
sional space depends for its cur- 
vature or size on the quantity of 
matter within it. Hoyle reasoned 
that, if matter were constantly be- 
ing added to the universe it would 
have to stretch, carrying the gal- 
axies with it. Two independent cal- 
culations from different starting 
points yielded the same result. Ap- 
proximately one atom of hydrogen 

(Continued on page 34) 
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Aluminum 
melts at 1217°F.... 


What’s the 
melting point 
of fused 
aluminum oxide? 


1652°F. 
L] 2732°F. 
3272°F. 
L] 3722°F, 


Not 1652°F. which is a bright red 
heat; nor 2732°F. which is white heat; 
nor 3272°F., the highest temperature 
in a blast furnace. 


Yes, the melting point of fused alumi- 
num oxide (as made by Norton from 
the mineral bauxite under the regis- 
tered trade-mark Alundum) is 3722°F. 
That’s why it’s such a popular re- 
fractory material. Because it also 
possesses high thermal conductivity 
and low electrical conductivity when 
hot, it is used extensively in both 
fuel and electrically heated furnaces. 


In the Norton Mechanical Lcboratory W. M. 
Wheildon, Jr., B. S. and M. S., Massachusetts Insti- 
tute of Technology '30 and '31, takes readings on 
© wear-testing machine which he developed. 
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Harder Than 
Cemented Tungsten Carbide 


Alundum grains in various crystalline 
structures are widely used as abra- 
sives. On the Knoop scale, they have 
a hardness of 2000, the same as the 
sapphire. 

As the world's largest manufacturer 
of abrasives, Norton has worked 
wonders with Alundum grains. High- 


In the Norton Ceramic Laboratory O.J. Whittemore, 
Jr, B. S., lowa State '40, operates a load test 
furnace of his design —a furnace thot tests 
refractories at temperatures up to 2450°C, 


ly skilled, college-trained research 
men in Norton's laboratories have 
succeeded in giving to Alundum 
abrasives a ike range of physical 
properties by controlling the size of 
crystals and their chemical and 


physical properties. 
32 Alundum Abrasive 


The crowning achievement in alumi- 
num oxide chemistry was the crea- 
tion by Norton of a unique single- 
crystal grain structure of unusual 
sharpness. Named ‘'32 Alundum,” it 
has been hailed as the ‘‘greatest 
abrasive contribution to increased 
grinding production in more than 40 


years 
Remember Norton 


There is a bright future in the abra- 
sive industry for young engineers 
whose talents run in that direction. 
Remember that Norton is dedicated 
to ‘‘making better products to make 
other products better.”” 
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What is 
“METALLURGY” 
in a bearing 


Alloys that go into bearing steel should 
be properly apportioned and hard- 
ened. The result of S0S’s know- 
how in metallurgy is the development 
of bearings with special ability to 
withstand tremendous stresses and 


Dr. Frits Went at Control § 


Board of the Plant 


i Laboratory Equipped with 


si ~—- The great new plant research laboratory 


of the California Institute of Technology, 
a dena, uses two Frick refrigerating 


strains. S&S Industries, Inc 


Phila. 32, Pa. 


7178 


Frick NEW "ECLIPSE" Compressor 


™ machines for cooling four rooms 

and air conditioning !3 others, plus 

six greenhouses. Simulated weather 

ditions are automatically con- 

trolled with ease and accuracy. In- 

tallat; by the Independent Re- 
frigeration Co., Los Angeles. 


The Frick Graduate Training Course 
in Refrigeration and Air Conditioning, 
operated over 30 years, offers a career 
in @ growing industry. 


WAYNESBORO, PENNA 


‘Also Builders of Power Farming and Sawmill Mechivery 
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cult to trace drainage patterns or 
to identify certain features from 
the photographs. 

Photogrammetry is the portion of 
Cartography devoted to the inter- 
pretation and measurement of pho- 
tographs. The most startling ad- 
vances have been made recently in 
the analysis of controlled aerial 
photographs, especially in the field 
of stereogrammetry. The tools and 
methods used in making maps in 
this manner take full advantage of 
all of our modern developments in 
machine design and scientific dis- 
covery. Probably the most recent 
research has been done in position- 
ing the camera in space by elec- 
tronic means at the instant the 
photograph is taken. Special appli- 
cations of Radar, Loran, or Shoran 
are examples of this electronic con- 
trol. The science of optics plays a 
major role in all photogrammatric 
work—in cameras, stereoscopes, rec- 
tifying projectors, contour plotters, 
and stereoplanigraphs. 


The least involved — but most 
widely used—of these instruments 
is the lens stereoscope, which mag- 
nifies as well as fuses two matched 
photographic images into one relief 
model. This same principle has been 
expanded to more intricate, delicate 
devices which are used to rectify, 
plot, and contour large areas. The 
map manuscripts from these instru- 
ments can be produced faster and 
more accurately than by any pre- 
vious method, especially if the ter- 
rain is at all inaccessible. 

Photogrammetry, then, produces 
map manuscripts to scale from an 
overlapping series of controlled pho- 
tographs. These manuscripts show 
the planimetry of the area, with 
every necessary physical feature 
delineated by symbol or line, and of- 
ten with relative elevations indi- 
cated by contours. Such master 
copies are not always complete as 
to details or accessory information, 
but transparent overlays of some of 
the newer plastics are used to record 
supplementary data. Thus, before 
the map goes into the reproduction 


stage, the manuscript may consist 
of a number of highly correlated 
sheets and reports ready for the 
final drafting. Much of this material 
is photographed to a convenient 
size and returned to a field-check 
party for completion and checking. 
No aerial photograph can be used 
alone to determine the names of 
the features, political boundaries, 
or the classification of structures or 
roads. 

When all of the pertinent items 
have been compiled to the final 
manuscript form, the map is repho- 
tographed and photoprinted to the 
drafting scale for inking and letter- 
ing. 

If the map is to be published in 
one color only, the manuscript is 
duplicated and drawn in its final 
likeness with all lettering and sym- 
bolization in place. If convenient, 
this drafting may be done at a 
larger scale than that of the pub- 
lished map and later reduced pho- 
tographically for the printers. 

If the map is to appear in a num- 
ber of colors, the amount of draft- 

(Continued on page 32) 
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How fo control a fast ball 


When a jet airplane nears flying speed, its turbine rotor 
is spinning about 12,000 to 15,000 rpm. At that speed 
everything in the engine takes a beating. 

Thrust and centrifugal forces are at work. Heat causes 
expansion stresses. Any imbalance sets up vibration. 
Then there is friction. 

A jet engine is no spot for a part that can’t take it. 

One of the components that lead a hard life is the ball 
bearing for the main rotor shaft. It must be light in 
weight and compact. It must compensate quickly for 
distortion resulting from rapid and wide temperature 
changes. Shaft rigidity must be maintained and the bear- 
ing must overcome heavy gyroscopic forces and powerful 


thrust loads to do so. The shaft must be perfectly 


PLASTICS WHERE PLASTICS 


Vol. 16, No. 6 


balanced to eliminate vibration at high rotary speeds. 

An important part of the bearing is the ball retainer. 
A large bearing manufacturer selected Synthane lami- 
nated plastic for his retainer. 

Synthane is tough and highly resistant to wear and 
abrasion. Synthane is light in weight. Synthane is di- 
mensionally stable over the temperature ranges en- 
countered. Oils or greases have little or no effect upon it. 

These are a few Synthane characteristics. It has many 
others—physical, mechanical, chemical and electrical. 
This Synthane combination of properties and charac- 
teristics may be the answer to one of your problems, 
To find out, send for the latest Synthane folder. 
Synthane Corporation, 1 River Road, Oaks, Pennsylvania. 
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ing is much greater and becomes 


increasingly difficult. For instance, : 


a master copy for each color of the 
finished map must be prepared, and 
absolute registration of all copies 
must be maintained. This perfect 
register is obtained by printing the 
photographic copy of the map 
manuscript in light non-photogra- 
phic blue on a series of metal- 
mounted drafting sheets. These im- 
ages are identical, and one sheet is 
arbitrarily assigned to each color 
for inking. Thus, everything to ap- 
pear in brown on the published map 
is drawn in black india ink by the 
draftsman who is working on the 
“relief or brown board.” Similarly, 
other draftsmen may be inking the 
“blue or drainage board” containing 
all the hydrography, or the “green 
or timber board” showing all ap- 
preciable areas of woods or brush- 
wood. 

After each color board has been 
inked properly in black, edited, and 
checked, it is again photographed, 


this time to the exact publication 
scale. These negatives are usually 
made on heavy plate glass so that 
there will be no expansion or con- 
traction of the emulsion, and they 
show only the black ink image of 
each color board, since the original 
blue-line copy is non-photographic. 
Press Plates 


Lithographing 

These glass negatives are used to 
make aluminum or zinc press plates 
for the photo-lithographic offset 
presses. The map sheets are run 
through the presses for each color 
of ink and its correseponding press 
plate, and extreme care is taken to 
print the colors exactly in register. 
For topographic maps of the United 
States, the usual press runs are for 
the black or culture plate, brown 
or contour plate, blue or drainage 
plate, light blue or blue tint water- 
fill plate, green or timber plate, and 
the red road or road classification 
plate. Sometimes special plates are 
prepared for an army grid or for 
shaded relief, but the usual proce- 
dure is followed in drawing them on 


metal-mounted drafting boards or 
on stable plastic vinylite or dyrite 
overlays. 

The expanding national program 
in Cartography and its related fields 
of Photogrammetry and Airphoto 
interpretation has made the teach- 
ing of courses in these subjects ne- 
cessary in up-to-date universities. 
In Ithaca, the “Cornell Center for 
Integrated Aerial Photographic 
Studies” has been organized to offer 
a comprehensive plan for instruc- 
tion and research which would cor- 
relate the efforts of many diversi- 
fied departments of the University. 
The courses are aimed primarily at 
a recognized need for developing 
the natural resources of the world as 
a means of seeking world peace. The 
courses in Cartography and Map 
Reproduction include map design, 
construction, and color separation, 
with emphasis placed on the uses 
of maps in the fields of geology, geo- 
graphy, forestry, and soil science. 

(See ENGINEER, Jan. 1951, for 
more information on the Cornell 
Center for Integrated Aerial Pho- 
tographic Studies.) 


A HALLMARK CARD 
THIS IMPRINT ON THE BACK 
OF THE GREETING CARDS 
YOU SEND IS YOUR ASSURANCE 

OF FINEST QUALITY 


t 


Spanning the St. louis River and linking 


Duluth, Michigan to Superior, Wisconsin, swing 
bridges carry the tracks of the Northern Pacific Railway. The tightly 
scheduled flow of heavy traffic over these bridges requires the utmost 
dependability in electrical power. 

The railroad selected Okonite submarine cable, an exceptionally 
long-lasting underwater cable. 3600 feet of 3-conductor Okonite 
cable were used. Insulated with famous Okolite insulation for the 
most effective moisture resistance possible, and armored with gal- 
vanized steel armor wire, this type of cable has proved its ability to 
maintain electrical characteristics comparable to lead-covered cable. 


Tough jobs are the true test of electri- 
cal cable... and installations on such 
jobs usually turn out to be Okonite. 


T E insulated wires and cables 


enor 
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Evan J. Morris, Proprietor 
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THEY MADE HISTORY! 
This car, and the men who designed it 


G.AT.X.8000 


Back in 1928 Alcoa engineers pointed out the 
advantages that aluminum would bring to 
railroad tank cars carrying hard to hold 
chemicals; easily contaminated foods. So 
Alcoa designed and undertook to pay for 
the first aluminum tank car. The car builder 
and a shipper became interested. On comple- 
tion of the car, the builder assumed the cost and 
leased it to the shipper for regular service. 

Interest in aluminum tank cars increased. 
Impact recorders and strain gauges gave 
the designers new data. The aluminum pro- 
duction men rolled the heaviest plate; 
made the largest rivets produced up to that 
time. The second car was made from 8 in- 


stead of 16 plates. Joining time cut in half! 

Today three plates, plus heads, joined by 
newly developed welding methods make an 
aluminum tank car. And 1,300 of them, in- 
cluding the first one ever made, are in service. 
Another instance where Alcoa engineering 
and co-operation have brought the advan- 
tages of aluminum to a new application. 
Throughout the Alcoa organization, in re- 
search, production and sales, similar pioneer- 
ing jobs are in progress now and others are 
waiting for the men with the imagineering 
ability to tackle them. 

ALUMINUM COMPANY OF AMERICA, 742 
Gulf Building, Pittsburgh 19, Pennsylvania. 
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Makes GREAT RECORD 


in handling 


BLACK LIQUOR! 


Here’s why the durable Type “R” provides longer 
service and requires minimum maintenance in handling 
black liquor! 


© Heavier wear-resisting parts—designed for exceptionally long life. 

® No internal studs or bolts—caustic liquors cannot seep past threads and 
cause maintenance headaches. 

© Low pressure stuffing box—since the gland is under suction pressure only, 
most packing troubles are eliminated. 

© Suction disc liner—to minimize wear, an extra-heavy liner is provided 
between the suction disc and impeller. 

Interchangeable parts different alloys may be substituted 
to compensate for ch in the action of the materials 
handled. 

© Fewer wearing parts. 


In addition, Morris Type “R" is so easy to put on this rigorous 
kind of job. It fits into an existing piping layout just about as readily 
as in a new system — because its suction and discharge nozzles can 
swivel to 72 possible positions. It’s so simple to dismantle, too — its 
impeller can be removed without disturbing piping or bearings. And 
the shell is interchangeable for left- or right-hand rotation. 


Specify For maintained high output . . 
MORRIS TYPE “R” For fewer shutdowns... 
SLURRY PUMP For less repairs... 


John C, Meyers, Jr., E.E 
Baecutive, ice President 


MORRIS MACHINE WORKS 
Baldwinsville, N. Y. Sales Offices in Principal Cities 


Prominent Engineers 
William Jennings, ME 


(Continued from page 17) 


cal field, he received a Foundry 
Educational Foundation Scholar- 
ship for the current year. 

In the near future Bill hopes to 
go to Harvard Business School, af- 
ter which maybe into the foundry 
industry or the automotive fields. 

Queried about any fair young 
thing in his immediate future, Bill 
replied cryptically, “I bought a used 
car and found that what my father 
said was true—that you can let 
your girl starve for a while, but you 
have to feed your car to make it 
work.” 


Origin of the Universe 
(Continued from page 28) 


added to each quart of space every 
billion years would make the gal- 
axies recede at the observed rate! 

Where this hydrogen comes 
from, they do not know. But they 
have postulated a pretty scheme 
which enables the conservation of 
mass to hold on the universal scale. 
The receding galaxies which dis- 
appear, they say, are exactly equal 
in mass to the hydrogen which is 
formed. This new universe of Hoyle 
and Lyttleton is a continuous one 
which will never run down or be- 
come the dead, empty place pre- 
dicted by the , Monatonic and 
Asymptotic models. On the con- 
trary, new hydrogen is constantly 
being supplied to make the new gal- 
axies, stars and planetary systems 
to replace those which disappear on 
the edge of space. 

The Lyttleton and Hoyle school 
of thought may not have the final 
answer. It is very difficult to prove 
anything when dealing with cosmo- 
gony. Still, their work is a signifi- 
cant achievement in man’s tracking 
down the truth. This search for 
knowledge of the universe he lives 
in has produced profound changes 
in man’s view of himself in the 
cosmos. They are well summed up 
in the words of Andre Malreux— 
“The greatest mystery is not that 
we should have been thrown up by 
chance between the profusion of 
the stars, but that, in that prison, 
we should be able to get out of 
ourselves images sufficiently pow- 
erful to deny our insignificance.” 


THE CORNELL ENGINEER 


i 
= 
- 
q 
| 
SLURRY PUMP 
— 
 &§ 
x are 
. 
: 
34 


Efficiency in many mechanical devices is 
often a matter of high speeds and low weight. 
The resultant stresses make heavy demands 
on parts, whether they be in aircraft or 
automotive engines, machine tools or loco- 
motives. 

Molybdenum is the only alloying element 
that gives steel the two vital necessities for 
meeting such requirements—good harden- 
ability and freedom from temper brittleness. 
Molybdenum steels will also meet the 
requirements of production economy. 

Send for our comprehensive 400-page 
book, free; “MOLYBDENUM: STEELS, 
IRONS, ALLOYS.” 


CLIMAX FURNISHES AUTHORITATIVE ENGINEERING DATA ON MOLYBDENUM APPLICATIONS 


Climax Molybdenum Company 
500 Fifth Avenue - New York City 
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The Type M Single Stage 
Double Suction Pump illus- 
trated is just one of the many 
in the extensive line manu- 
factured by Economy Pumps, 
Inc. A general purpose 
pump, it is ideally suited to 
{7m general water supply or 
heavy mill service. Case 
records show Economy 
Pumps operating for fifteen 
to twenty years without re- 
placement of major parts. 
However, should repairs be 
necessary, all parts subject 
to wear are renewable. 


Centrifugal, Axial and Mixed Flow Pumps for all applications 


THOMAS CORP., HAMILTON, OHIO 


Catalog No. A750 gives 
complete design and 
construction details. 
Write Dept. L-1 for your 
copy. 


Techni-Briefs 


(Continued from page 19) 


in directing the return of the de- 
sired color from the mirror. Al- 
though all colors of the spectrum 
strike the surface, only that one 
bounces back which corresponds to 
the right film thickness. All others 
pass through the mirror, so that 
the eye sees by reflection the de- 
sired color, and by transmission 
the complementary color. 


Garbage Disposal 

Following a successful venture 
made in Jasper, Indiana, earlier this 
year, Herrin, Illinois, has licked its 
garbage disposal problem by going 
into the electric appliance business 
and selling G.E. garbage disposers 
to its citizens. 


Herrin coud not afford a regular 
garbage collection and the town’s 
full trash cans had become a breed- 
ing place for insects and a target 
for stray dogs. The city water de- 
partment, after receiving the ap- 
proval of the citizens bought the 
disposers and sold them at a special 
price. 


Supersonic Stovepipes 
(Continued from page 10) 


first type to be perfected. From 
these missiles much can be learned 
for the development of longer-range 
weapons. 

But granted that Russia’s Peene- 
munde may still have somewhat of 
an edge over the U. S. missile in- 


dustry, long-range atomic-warhead 
missiles still are at least five years 
away. For neither Russia nor the 
United States can afford to trust 
the multi-million-dollar — atomic 
bomb to an unproven carrier which 
may waste it. Therefore missiles 
must first prove themselves in ac- 
tual warfare and over a period of 
practical usage before larger mis- 
siles will be entrusted to carrying 
the atomic bomb. 

Even with the relatively small 
investment in the subject, guided 
missile development in this country 
has been progressing rapidly, and 
the progress has been continually 
accelerating. With this year’s new 
and much larger appropriation, 
more great strides in the missile 
development race are assured. 


Administration Building, Ithaca 
John L. Munschaver ‘40, Director 


Use the CORNELL UNIVERSITY PLACEMENT SERVICE 
New York Office, 107 E. 48th St. 
Paul O. Reyneau ‘13, Manager 
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Could a wheel do it better? 


A widely accepted method of finishing many parts 
and tools is by application of an abrasive belt 
of certain specifications. Yet, it is entirely possi- 
ble that an improved method may some day be 
devised — the use of a special-type abrasive wheel, 
for instance...on a new type of polishing wheel. 


Should this ever occur, CARBORUNDUM would 
undoubtedly be among the first to produce the 
right wheel. But, even more important, we would 
be fully prepared to explain the pros and cons 
of both methods. Because only CARBORUNDUM 


makes a complete line of abrasives...we can rec- 
ommend impartially the right abrasive for every 
application based on our experience with all 
abrasive products. 


Nor is this experience limited to abrasives. For, 
among many diverse products, those of our 
GLOBAR division are particularly unique. Ceramic 
resistors are in great demand for many special 
electronic applications. Non-metallic heating 
elements are used increasingly for annealing, 
brazing, treating and ceramic firing. 


CARBORUNDUM 


TRADE MARK 


makes ALL abrasives to give you the proper ONE 


Also manufacturers of Super Refractories, Porous Media, Heating Elements, Resistors, Deoxidizers. 


“Carborundum” and “Globar’ are registered trademarks which indicate manufacture by The Carb dum Company, Niagara Falls, N.Y. 
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OFA 
SERIES 


PROBLEM — You are designing a diathermy unit. Included 
in the electrical circult are variable elements which must be 
adjusted during operation. The control knobs must be 
located where they will be convenient to the operator. The 
variable elements themselves must be located in the cabinet 
where they will be easy to mount, to wire and to service. 
How would you do it? 

THE SIMPLE ANSWER — Use an S.S.White remote control 
type flexible shaft to couple each variable element to its 
control knob. This simple arrangement makes It possible 
to place the elements and their controls anywhere you want 
them. And you will find, too, that operation with these 
shafts Is as smooth and sensitive as a direct connection, 
because $.S.White remote control flexible shafts are de- 


* * * 


This is just one of hundreds 
of remote control and 
power drive problems to 
which $.S.White flexible 
shafts provide a simple 
answer. That's why every 
engineer should be famil- 
iar with the range and 
scope of these ‘Metal 
Muscles"’* for mechanical 
bodies. 


"Trademark U. S. Pat. Off. 
and elsewhere 


Here's how one well known electronic 

quipment f did it. The 
flexible shatt (orrew) connects control 
knob at top to a variable element at 
the bottom rear. 


WRITE FOR BULLETIN 5008 


It gives essential facts and engineer- 
ing data about flexible shafts and 
their application. A copy is yours 
free for asking. Write today. 


INDUSTRIAL 


DENTAL MFG. CO. Dept. C, 10 East 40th St. 


NEW YORK 16, N. Y. 


TWO BARGAINS 
FOR 
ENGINEERS and ARCHITECTS 
Buff Detail Drawing Paper in 10 Yd. Rolls, 
30” Wide. This paper is almost as good as K. & 
E. Condor whic his now selling at $4.40 a roll. 


Bargain at 
50c 


ROLL 
° 


A good quality tracing cloth, 30” wide, 
similar to Arkwright which sells for $1.50 per 
yard. A bargain at 


75¢ 
PER YARD 


Additional reduction if bought by the roll. 


THE CORNELL CO-OP 


BARNES HALL ON THE CAMPUS 


Go Get Printing Done 


NORTON PRINTING CO. 


317 E. State St. Ithaca, N. Y. 
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Confidence 


by ARCH COOPER 
Manager, Empire Region 
ALLIS-CHALMERS MANUFACTURING COMPANY 
(Graduate Training Course—1909) 


OU NEED the confidence that comes 
} wide experience, whether you 
intend to be a salesman, designer, re- 
searcher, or production 
man. Confidence based 
on knowledge is one of 
the greatest assets an en- 
gineer can have. Here is 
what I mean. 


You may visit a mine 
with the idea of talking 
about crushing equip- 
ment, but find that their 
engineers have an electrical problem. Or 
you may visit a utility to talk about elec- 
trical equipment and find that they're all 
excited about a pump break-down. 


Offer All-Around Help 


Can youhelp them? Orare you just another 
peddler who is taking their time when they 
have problems on their minds. In my work 
I call on electric utilities, cement plants, 
machinery builders, textile mills, paper 
mills, shoe factories and many other types 
of plants. In each of them, I try to help 
the engineers and mechanics I call on. 


ARCH COOPER 


It’s a good credo for salesmen, but it 
takes broad experience to carry it out. It’s 
the kind of experience you must deliber- 
ately set about acquiring as early as pos- 
sible. I had heard of Allis-Chalmers equip- 
ment, seen A-C’s giant Corliss engines in 
Australia’s biggest power plant and de- 


Textile mills are getting adjustable speed at 
lower cost by using new automatic Vari- 
Pitch sheaves on spinning frames as shown. 


Vol. 16, No. 6 


ON BROAD 
EXPERIENCE 


High temperatures and speeds raise tough design and pro- 
duction problems on giant steam turbine spindles like these. 


cided to study design at Allis-Chalmers. 
It looked like the best place in the world 
to get a broad engineering background. 


I joined the Allis-Chalmers Graduate 
Training Course after graduation from 
Sydney Technical College in 1908 . . . 
worked on steam turbines, wound coils of 
all types, performed tests for the electrical 
department. After that there were field 
trips to erect electrical equipment. It was 
soon apparent that I wasn’t a designer at 
heart, and my sales career started. 


Broad Opportunity 


Forty-one years later, Allis-Chalmers still 
offers the same opportunity for broad 
experience. A-C still builds equipment for 


electric power, mining and ore reduction, 
cement making, public works, pulp and 
wood processing, and flour milling. 


And the Allis-Chalmers Graduate 
Training Course is still flexible. Students 
help plan their own courses. They can 
switch to design, manufacturing, research, 
application, sales, or advertising—divide 
their time between shops and offices— 
and can earn advanced degrees in engi- 
neering at the same time. 


Men at Allis-Chalmers get a close-up 
of the basic industries. No matter what 
path they take in the industrial world, ex- 
perience gained with this broad organiza- 
tion lays a foundation for the confidence 
that comes with all-around knowledge. 


ALLIS-CHALMERS 


Allis-Chalmers Manufacturing Company, Milwaukee 1, Wisconsin 
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ORIiALS 


Engineers’ Day 

Plans are now under way for En- 
gineers’ Day 1951, to be held Fri- 
day evening, April 27th under the 
sponsorship of the Engineering 
Council. A few words regarding the 
spirit and objects of Engineer’s Day 
are in order, especially for the fresh- 
men, and for those upperclassmen 
who have never taken much inter- 
est in E-Day proceedings. 

Basically, Engineers’ Day is an 
opportunity for the engineering stu- 
dents to show tangibly to their 
friends and relatives some of the 
aims, problems, and results of engi- 
neering training. Every day we rub 
elbows with arts students, hotel 
students and others, the nature of 
whose work is fairly well known to 
us. But to many of these people, 
what we do in the hallowed halls of 
Sibley and Franklin, of Olin and 
Lincoln, is a complete mystery. 
Their impression of the engineer’s 
work is in some vague way con- 
nected with the slide rule and with 
incomprehensible technical terms; 
it is, to the non-engineer, all pretty 
baffling. 

On E-Day all mystery is dis- 
pelled from the formidable build- 
ings of the Engineering College, and 
by means of the demonstration of 
equipment and the explanation of 
projects an effort is made to in- 
form all who are interested about 
what actually goes on in engineer- 
ing. Many displays also show the 
application of engineering to fields 
not ordinarily considered by the 
layman. 

A most important by-product of 
all this is that E-Day gets engineer- 
ing students to work together as a 
team to put across to others the 
ideas and ideals of their profession. 
While promoting our profession to 
outsiders, we gain a better under- 
standing of it ourselves, and become 
acquainted with engineering fields 
other than our own. Thus ME’s can 
get some idea of the ChemE’s prob- 
lems, EE’s can be enlightened on the 


40 


work of EP’s, etc. A_ beneficial 
broadening of one’s own outlook is 
the inevitable result of such cross- 
education, no matter how brief. 

And finally, the student-faculty 
cooperation which is necessary to 
make E-Day successful is a definite 
asset to the whole Engineering Col- 
lege. It is only by close student- 
faculty teamwork that E-Day can 
be put over properly, and a suc- 
cessful E-Day is both a cause and a 
result of such understanding, which 
is so valuable throughout the school 
year. 

A successful E-Day works to the 
benefit of every engineering stu- 
dent. It “puts us across” to the rest 
of the campus; it broadens our in- 
dividual outlooks, and it promotes 
and results from smooth student- 
faculty relations. With a little help 
from everyone when called upon, 
E-Day ’51 should equal or surpass 
the success of former years. 


Alumni Authors Needed 


This message is addressed to our 
alumni readers—the major part of 
our circulation. It is directed at you 
because we are in need of help, and 
you people are the ones in a posi- 
tion to give us this assistance. As 
you are all probably aware, the 
ENGINEER publishes articles 
written only by Cornell people— 
students, profs, and alumni. We 
feel that we have enough talent in 
our own group not to have to rely 


on outside sources.for contributions. 


As far as the student articles are 
concerned, we of the Editorial 
Board feel that it is a major part 
of our education to have the op- 
portunity to write these articles, 
and the magazine thus has no 
trouble filling its quota of such 
material. Our profs are only too 
willing to help us out with articles 
in their fields, and we know whom 
to contact when we want articles 
on certain topics. 

When we get to the matter of 


alumni articles, however, we come 
up against a rather sizable prob- 
lem. Since we do not have much 
personal contact with alumni, it 
becomes rather difficult to deter- 
mine exactly whom to contact for 
certain topics, and to know who 
will be willing to contribute. 
Consequently, we are putting this 
piece in the magazine as a general 
plea to our alumni for feature ar- 
ticles. If you would like to write 
one at any time in the future, 
please send your name and pre- 
ferred topic to us, and we will con- 
tact you as soon as we can use your 
material. For any further informa- 
tion along these lines, you may 
write to the Assistant Editor and 
you will be given the most com- 
plete cooperation possible short of 
the actual writing of the article. 
A.B. 


To those readers of the EN- 
GINEER who begin the magazine 
at the back, we feel that we owe 
an explanation for the absence of 
the “Stress and Strain” column 
usually found here. We have omit- 
ted the section from this issue in an 
attempt to make our readers aware 
of a problem that now confronts 
the staff. 

We have received many letters 
criticizing the inclusion of the joke 
page. The staff is undecided on 
the issue, and we would like to 
throw the question open to our 
readers. Should the ENGINEER con- 


“fine publication of “Stress and 


Strain?” 

Briefly, the main arguments are 
these: pro—the jokes provide re- 
laxing entertainment in the midst 
of all our technical work; con—the 
tone of the magazine is lowered by 
the joke page. 

....We would like to hear from as 
many of you as possible. Please 
address your comments to the 
CORNELL ENGINEER, Lincoln Hall, 
Ithaca, N. Y. 

AB 
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DRAWINGS ARE COPIED FAITHFULLY. Photocopying 
reproduces engineering drawings, data, specifications, 
with high speed, utmost accuracy and in any quantity. 
Bright copies can be made from dimmed material. 
Originals are saved from wear and tear. 


Accunmy is but one of the unusual abili- 
ties of photography which are important 
in engineering and other professions and 
businesses alike. Through its speed it can 
provide movies that slow down action 
which would be far too fast for eyes to 
follow. Through radiography it checks 
castings, welds, and assemblies without 
destroying the part. 

And so it goes all through the profession. 
You find photography saving time, im- 
proving products and procedures, simpli- 


engineering drawings and valuable records can 
Eastman Kodak Company, Rochester 4, N. Y. ance ah pote detail intact. The film 
can be stored for easy reference in 98% less filing space 
than the originals would require. 
College graduates in the physical sciences, 
engineering, and business administration regu- 
larly find employment with Kodak. Interested 
students should consult their piacement office 
or write direct to Business and Technical Per- 
sonnel Department, Eastman Kodak Company, 
343 State Street, Rochester 4, N. Y. 


this FREE 


: INSTRUMENT READINGS RECORDED. Fleeting traces of 
It tells how photography is used to: the galvanometer mirror or cathode-tube beam 
Speed production + Cut engineering time can be recorded for study and analysis. Move- 
Assure quality maintenance * Train more ment too fast for the eye is caught 
workers faster * Bring new horizons to research accurately by photography. 
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GUIDED MISSILES Among General Electric's contributions 
to this military project have been the development of 
compact transmitters to report rocket's progress. 


JET ENGINES—-In 1941, 
the Air Force asked Gen- 
eral Electric to build the 
first U.S. jet engine. To- 
day, G-E engines power 
such fast planes as the 
F-86 Sabre, holder of 
world's speed record. 


AIRCRAFT ARMAMENT — General 
Electric built gunnery systems for 
World War planes . . . is continu - 
ing this work for the Air Force. 


College graduates at General Electric are working on 
some of the nation’s most vital projects 


The rocket that rises a hundred miles above White 
Sands, N. M., contains a wonderfully compact device 
that reads 28 instruments every one-thirty-fifth of a 
second and transmits its reports to receivers on the 
ground. It was developed by G-E engineers... 

Development of special communications systems for 
civil defense has been undertaken by G-E electronics 
engineers... 

The newest class of Navy heavy cruisers helping to 
guard our defense line gain their power from 30,000- 
horsepower propulsion turbines built by General 
Electric... 


It is estimated that during 1951 more than 30 per 
cent of General Electric’s production will comprise 
projects like these . . . the design and construction of 
equipment to help fill America’s military needs. 

The hundreds of General Electric engineers, physi- 
cists, chemists, and other specialists sharing in these 
projects work with the assurance that their contribu- 
tions are meaningful and important. Their talents and 
skills, further developed through G-E training courses 
and broadened through rotational job programs, are 
standing the nation in good stead. 
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